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IV 

AMERICAN SCIENCE IN THE PHILIPPINES 

F. M. Fryxell 

Retiring President of the Illinois State Academy of Science 

The independence long and ardently 
;ought by Philippine patriots for their 
sland country was all but a reality 
vhen, in December 1941, the Japanese 
aunched the ruthless campaign of 
iggression that shattered this aspira- 
,ion along with unnumbered others. 
;n the normal course of events, opera- 
ion of the Tydings-McDuffie Act (the 
[‘Philippine Independence Act”) would 
m July 4th, 1946 amicably and legally 
lave severed the slender political ties 
which still linked the Philippines to the 
Jnited States, but these were now vio- 
ently and prematurely ruptured. This 
;ragic situation brings urgently to the 
:ore the question of our future rela- 
;ions to the Philippines, a question 
vhich can be considered only in the 
ight of past events. 

If imperialistic design played any 
oart in our acquisition of the Philip¬ 
pines, as has been charged, our coun¬ 
try's long-range program for the is¬ 
lands, as clarified almost immediately 

i after the ratification of the peace treaty 
with Spain (in Senate Resolution of 
February 14, 1899) was anything but 
imperialistic: 

“. . .it is not intended to incorpor¬ 
ate the inhabitants of the Philip¬ 
pine Islands into citizenship of the 
United States, nor is it intended 
to permanently annex said Islands 
as an integral part of the territory 
of the United States; but it is 
the intention ... to establish on 
said Islands a government suitable 
to the wants and conditions of the 
inhabitants . . . , to prepare them 
for local self-government, and in 
due time to make such disposition 
of said Islands as will best promote 
the interests of the citizens of the 
United States and the inhabitants 
of said Islands.” 

Retiring President of the Illinois State 
Academy of Science, now on leave from 
Augustana College, Rock Island, Illinois, 

1 for war work as geologist with the unit of 
Military Geology, U.S. Geological Survey, 
Washington, D. C. 

AMERICAN STEWARDSHIP 

Thus at the outset we acknowledged 
ourselves the temporary stewards of 
this nation, and committed ourselves 
to a program unique in its altruistic 
purpose and high objectives. 

What then, after the lapse of more 
than four decades, can be said of our 
stewardship; was it good? One 
answer to this question, perhaps the 
most convincing of any, was given by 
the Filipinos themselves in the dark 
months after Pearl Harbor, when 
20,000 of their finest young men per¬ 
ished fighting side by side in common 
cause with our own American soldiers, 
in a demonstration of loyalty so un¬ 
flinching that the President of the 
Commonwealth, with just pride, char¬ 
acterized it as without parallel not 
only in the Orient but in the history 
of colonialism. None of us are likely 
ever to forget it. Such loyalty to the 
American cause appears all the more 
significant when we recall that four 
decades ago these same people viewed 
us as the aggressors, and with equal 
courage resisted us. Our stewardship 
could not have been altogether unwise 
to beget so revolutionary a change in 
so brief a period. In the last analysis 
the truest judgment of a nation’s 
colonial policies may be that which 
history pronounces with the governed 
themselves as its spokesmen. At 
Bataan the Philippine people trans¬ 

lated into deeds the words earlier 

spoken by Manuel Quezon when, at 
his inaugural as first president of the 

island republic, he said, “The Philip¬ 

pines look back witii gratitude to the 

Jay when destiny placed the land 
under the beneficent guidance of the 

United States.” 

Americans, too, have an answer, and 
their concensus is that “the Philippine 
experiment”, our only ma^or venture 

[5] 
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in colonial administration, was a 
brilliant success, providing a page in 
history we may regard with special 
pride. For all of the presidents of the 
United States, regardless of party 
affiliations, have scrupulously adhered 
to the original statement of policy with 
respect to the Philippines. As their 
representatives to the Islands, the 
presidents have assigned a succession 
of exceptionally able statesmen, men 
like William Howard Taft, Leonard 
Wood, Frank Murphy, and Francis 
Sayre, who on the opposite side of 
the world in turn devotedly under¬ 
took to lead a foreign people into 
modern ways of thought and life. 
Granted that the experiment involved 
much typical American trial-and-error, 
by and large it was a “beneficent 

guidance”. 

ROLE OF SCIENTISTS 

I do not propose to review in detail 
the Philippine record, as that has been 
ably done by others,1 but I shall give 
thought to one aspect of it that 
impressed me greatly during a year’s 
sojourn in the Islands in 1939-1940. I 
have reference to the fact that the 
remarkable development of the Philip¬ 
pines during the American regime 
would not have been possible except 
for the active participation of American 
scientists in the work which our gov¬ 
ernment undertook in the Islands. 

This participation had its origins 
early. On January 20, 1899, while 
military control was still far from com¬ 
plete throughout the Islands, President 
McKinley appointed a committee of 
five men (two military and three civil¬ 
ian members) to investigate critically 
and first hand the Philippine situation. 
This “First Philippine Commission” 
duly submitted a comprehensive and 
scholarly report embodying informa¬ 
tion and recommendations that proved 
highly significant in determining sub¬ 
sequent policies. One of the dominant 
members of this Commission, and the 
principal contributor to' its report, was 
a scientist; Professor Dean C. Wor¬ 
cester, zoologist of the University of 
Michigan, whose years of previous ex¬ 

ploratory work in the Philippines had 

given him unequalled knowledge con¬ 

cerning the Islands.2 To Dean Wor- i 
cester must be given much of the 
credit for the marked degree to which 
modern science was enlisted to serve 
humanity in the Philippines. 

On April 7, 1900, McKinley appointed 
the Second Philippine Commission, i 

similarly consisting of five members 
(all civilians). Membership includedj 
William Howard Taft, chairman, and 
again Dean C. Worcester, only member, 
carried over from the First Commission, 
This Commission was assigned the 
great responsibility of actually setting 
up a civil government, one which; 
would contribute to “the happiness 
peace, and prosperity of the people” . 
On July 4, 1901, when Mr. Taft as¬ 
sumed full control of the Philippines 
as first civil governor, the other four 
members of the Commission became de 
partmental heads under him. 

Through these circumstances, Dean! 
C. Worcester became the first Secretary 
of the Interior of the Islands, and mosl 
of the scientific divisions of the govj 
ernment—specifically those concerned 
with public health, scientific labor¬ 
atories, national forests, public lands 
agriculture, fisheries, mining, weathei 
service,quarantines, and the admin¬ 
istration of the pagan mountain 
tribes—came to be organized by a mat 
who combined scientific training witli 
exceptional administrative ability and 
constructive imagination. Worcester 
continued as . Secretary for twelve 
years, his tenure of office greatly ex 
ceeding that of any other member o< 
the Commission. A man of strong 
convictions, extroardinary vitality, ant 
vigorous action, he was not without hi 
complement of enemies, but his leader 
ship in organizing the scientific agen, 
cies of the Philippine governmen 
during the critical early years of th( 
American administration is now recog 
nized as having been as capable anc 
far-seeing as it was fearless. 

BUREAU OF SCIENCE 

Worcester’s university experienc 
led him to oppose duplication an 
scattering of effort, and his insistencj 
on centralization led to establishment 

of the Bureau of Government Labor 

atories, which in 1905 united with th. 



Bureau of Science, Manila 
Courtesy of the Division of Territories and Island Possessions, Department of the Interior.) 

iureau of Mines to become the Bureau 
f Science. A colleague of that period, 
)r. Victor G. Heiser, states4 that Wor- 
ester’s greatest achievement was to 
assemble under one administration, as 
ar as practicable, all the scientific 
/ork of the government, building up in 
ne unit the most modern organization 
1 the laboratory field that any country 
as evolved.” 

We need not trace the later history 
f the Bureau of Science and other 
cientific units of the government, ex- 
ept to remark that despite some un- 
avorable changes, consolidation and 
ollaboration have continued to char- 

cterize scientific work in the Islands 

o a remarkable degree, and have justi- 

ed themselves by a distinguished re- 

ord of achievement. The plan of a 

entralized “Bureau of Science” has at- 
racted the attention of other govern¬ 
ments, and provided them with a 
onvincing example of the practicabil¬ 

ity of such an organization. 
The constructive interest of Presi¬ 

dent Theodore Roosevelt in scientific 
aspects of the Philippines during these 
early years is indicated in a letter 
dated February 7, 1905, to the Senate 
and House: 

“Circumstances have placed un¬ 
der the control of this government 
the Philippine Archipelago. The is¬ 
lands of that group present as 
many interesting and novel ques¬ 
tions with respect to their ethno¬ 
logy, their fauna and flora, and 
their geology and mineral re¬ 
sources as any region of the world. 
At my request the National Acad¬ 
emy of Sciences appointed a com¬ 
mittee to consider and report upon 
the desirability of instituting scien¬ 
tific explorations of the Philippine 
Islands . . . The surveys . . . should 
be undertaken as a national work 
for the information not merely of 
the Philippine Islands, but of the 
people of this country and of the 
world. Only preliminary explora- 
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tions have yet been made in the 
archipelago, and it should be a 
matter of pride to the Government 
of the United States fully to in¬ 
vestigate and describe the entire 
region.” 

Scientific explorations of the type re¬ 
commended by Theodore Roosevelt, so 
clearly reflecting the personal inter¬ 
ests of this president, were in due time 
carried out largely through the various 
divisions of the Philippine Bureau of 

Science. 

PIONEER RESEARCH 

To the Americans who comprised the 
early scientific staffs in the Philippines, 
the opportunities for pioneer research 
in the Islands provided a thrilling ven¬ 
ture. The great archipelago, compris¬ 
ing over 7,000 islands extending north 
and south through the tropics a dis¬ 
tance of nearly 1,200 miles, has a land 
area of about 115,000 square miles, an 
area comparable to that of Japan, of 
the British Isles, or of Italy. The flora 
and fauna of the islands and the sur¬ 
rounding waters are indescribably rich, 
and no less attractive are the oppor¬ 
tunities for research in such fields as 
anthropology, ethnology, and tropical 
medicine. In the study of this vast 
scientific field, beginnings had been 
made during the Spanish period, but 
little systematic research of the type 
launched by American workers a few 
years after the turn of the century. 
Their investigations, pursued year after 
year and based on data that became in¬ 
creasingly comprehensive, eventually 
led to publication of monographs like 
those of E. D. Merrill, W. H. Brown, and 
H. N. Whitford on the flora; by E. H. 
Taylor on the vertebrate fauna; by R. 
C. McGregor on the bird life; and by 
H. O. Beyer on the ethnology of the 
Islands. Other studies dealing with in¬ 
fant mortality, malaria and various 
tropical diseases like dengue fever, 
sanitation, fisheries, city water supplies, 
geology and mining, forestry, problems 
of plant and animal husbandry, and ad¬ 
ditional subjects too numerous to list, 
reflect the many-sidedness of the 
scientific program. Directed by Ameri¬ 
cans up to the middle ’30’s, with the 
establishment of the Philippine Com¬ 
monwealth these programs were large¬ 

ly taken over and continued by Fili- I 
pinos who had been well trained for 
such responsibility. 

A statement5 by E. D. Merrill con- i; 
cerning achievements in botanical en- j| 
deavor may be taken as representative ; 
for other scientific fields as well: 

“In the period 1902 to 1923 . . . Ma¬ 
nila has been made a center of 
botanical research for the Philip¬ 
pines, and one of the few produc¬ 
tive centers of research in Asia 
and Malaysia ... At the present 
time this rich flora is better known 
than is that of any other part of the 
entire Malaysian region, except 
Java and parts of the Malay Pen¬ 
insula. This advance has been 
made possible only by the wise | 
policy of centralization of scienti¬ 
fic work adopted by the Philippine 
government, cooperation between 
existing units, and the granting of 
the necessary financial support by 
the government.” 

Inevitably the progress in investiga¬ 
tions of this type was accompanied] 
also by the healthy growth of related 
activities such as the development of 
scientific libraries, museums, and bo- p 
tanical gardens, but to give an account!: 
of these would lead us far afield. 

PUBLISHED REPORTS 

In 1906 was established the Philip-: 
pine Journal of Science, under editors 
ship of Dr. Paul C. Freer. The official 
publication of the Bureau of Science 
and hence supported by the govern-; 
ment, this Journal continued for 35 
years to provide a channel of publica¬ 
tion for all phases of scientific work, 
particularly the research of the many 
specialists brought to the Islands foi 
the government and university staffs 
The advantage of combining within the 
covers of a single journal the greatei 
part of the country’s scientific litera¬ 
ture has been gratefully acknowledge 
ed by many workers. Up to the fall o: 
1941, when Japanese invasion of the 
Islands presumably terminated publi 
cation, no less than 75 volumes of the 
Journal had been issued. Filling manj 

library bookshelves, these volumes give 
monumental testimony to the whole' 

some vigor with which scientific re 
search flourished during the America! 
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Mayon, altitude 7,943 feet, south end of island of Luzon. Most famous Philip¬ 
pine volcano and one of the most perfect volcanic cones known. Established as a 
rational park in 1938. 

(Courtesy of the Division of Territories and Island Possessions, Department of the Interior.) 

lecades. One of the most interesting 
'eatures of the Philippine Journal of 
Science is the fact that Volume 1 is 
tlmost exclusively the product of 
American authors, whereas Volume 75 
s almost exclusively the product of 
Filipino authors. Through the inter¬ 
vening volumes one may trace the 
;tages by which American scientists 
prepared their Philippine colleagues 
or scientific independence. 

EXPEDITIONS 
This rapid survey permits only pass- 

ng mention of the expeditions sent to 
he Philippines by such institutions as 
he U. S. National Museum, the Ameri¬ 
can Museum of Natural History, the 
?ield Museum, and various univer¬ 
sities. These have contributed great- 
y to our knowledge of the Islands, 
especially in ethnology and anthro- 
)ology. We recall in this connec- 
ion that some of the most important 
ethnologic investigations were made 
)y a member and former president of 
his academy, Dr. Fay Cooper-Cole, 

who in 1907-1909 headed expeditions 
of the Field Museum to Luzon and 
Mindanao under sponsorship of Robert 
F. Cummings of Chicago.6 On one of 
these expeditions, a scientist of the 
Field Museum staff, Dr. William Jones, 
met death in northern Luzon at the 
hands of hostile tribesmen, Ilongots. 

COASTAL SURVEYS 

Similarly I can only allude to the 
program of charting Philippine waters 
which was begun by the U. S. Coast 
and Geodetic Survey in 1901, and only 
in recent years has neared completion. 
In 1939, the third census of the Philip¬ 
pine Islands taken during the Ameri¬ 
can regime furnished occasion for the 
publication of a monumental atlas,7 by 
far the most complete and authentic 
work of its kind dealing with the Is¬ 
lands. Fortunately a few copies of this 
atlas reached the United States before 
the Japanese captured Manila, so our 
country is not wholly deprived of the 
use of this all but indispensable work. 
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NATURAL RESOURCES 

Among a people as predominantly 
agricultural as the Filipinos, an obvious 
field for “science in the service of the 
people” lay in the improving of their 
farm stock and crops, and in seeking 
new agricultural products suited to the 
soil and climate of the Islands. In 
these fields also notable progress has 
been made, and to review the activities 
of the Bureaus of Plant and Animal 
Industries in the Philippines would be 
to outline the work of our own Depart¬ 
ment of Agriculture, as adapted to the 

needs of this tropical country. 

These have been decades during 
which conservation of natural re¬ 
sources has come to loom ever larger 
in our national thought and planning. 
It was but natural that Americans car¬ 
ried with them to the Philippines the 
philosophy of conservation and wove it 
into the fabric of insular life and gov¬ 
ernment. As a .result, the superb 
tropical forests of the Philippines, that 
cover over 68,200 square miles or about 
60 percent'of the total land area of the 
Islands, and that includes some of the 
finest commercial woods in the world, 
are 97 5 percent under government 
control. No feature of the Philippines 
impressed this speaker more deeply 
than the somber splendor of the vast 
rain forests. The knowledge that these 
were being administered in accordance 
with wise forestry practice8 and for 
the benefit of future as well as present 
generations was truly gratifying. 

The Bureau of Forestry has charge 
not only of the country’s forests but 
also of a system of National Parks, 
much like our own, including in 1940, 
26 different parks, with a combined 
area of 647 square miles. Establish¬ 
ment of these parks represented the 
first steps in a program intended 
ultimately to preserve for public enjoy¬ 
ment and inspiration, in their primitive 
state, all of the finest scenic areas of 
the Philippines, as well as areas of 
unusual scientific and historic signif¬ 

icance. 

In fish, game, and wild-life conser¬ 
vation, control of mineral resources, 
and the combating of soil erosion, sub¬ 
stantial progress has been made, and 

in the normal course of events much ;j 
greater results could have been con- , 
fidently anticipated. Soil erosion is a j 
particularly serious problem in these I 
islands, where the heavy rainfall, j 
which in places amounts to as much as j 
180 inches a year, ravages the deep : 
mantle of tropical soil wherever it is L 

unprotected. 

One of the most noteworthy develop¬ 
ments of recent decades and one in 
which science has played a funda¬ 
mental part has been the spectacular j 
rise of the Philippine mining industry.9 s 
Prior to 1907 Philippine mineral s 
production was not even listed in I 
statistical records as a minor industry. I 
By 1938 mining ranked second only to ], 
sugar production, and the Secretary of 
Agriculture and Commerce could pre¬ 
dict that the time was not distant 
when mining would displace sugar as , 
the premier industry. In this phenom¬ 
enal record, gold played the leading 
part, the production rising rapidly 
till in 1939 the Philippines ranked] 
fifth among the gold-producing coun¬ 
tries of the world, surpassed only by 
South Africa, Canada, the United 
States, and Australia. In American 
territory the Philippines ranked second 
only to California. Since 1907 the 
islands have produced more than 
$250,000,000 in gold. 

Systematic geologic investigation ledi 
also to the discovery of important 
deposits of base metals and non-metal- 
lie minerals, and recent years have; 
seen a striking expansion in the pro¬ 
duction of these materials, which,! 
incidentally, were purchased largely 
by Japan. Of the total value of the 
1938 production, iron made up 36 pern 
cent, copper 18 percent, chromite 14 
percent, manganese 9 percent, and non- 
metallic minerals 23 percent. Doubts 
less during the past year production o^ 
these highly strategic materials has 
been accelerated by the Japanese. 

During 1939-1940 the writer partic-; 
ipated in a petroleum survey of the 
Philippines, conducted for the Com 
monwealth Government by a staff o 
American geologists. Prospects foj 
location of significant oil fields were 
very favorable on certain islands, 
and exploratory drilling was under wa; 
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vhen the Japanese invaded. Presum- 
ibly drilling crews and the several 
geologists still in the Islands were 
aken prisoners. Among these was 
)r. H. Foster Bain, formerly Chief of 
he Illinois Geological Survey (1905- 
909) and a charter member of this 
Academy. Many other scientists are 

itlso being held prisoner at Santo 
Tomas University, Manila. 

EDUCATIONAL PROGRAM 

One cannot consider the impacts of 
\merican science on Philippine life 
without reference to the American 
educational program. A Philippine 
educational authority, V. R. Catapang, 
las stated10 that “There is not, perhaps, 
n the record of war another example 

where a conquering power has taken 
:irst of all to the teaching of the con¬ 
quered, but in the very first minute 
)f American occupation of Manila and 
ether parts of the Islands, the American 
eaders began to deliberate on the pur¬ 
suit of this grand ideal.” The schools 
>f Manila, disrupted by war, were 
'estored to successful operation in 
;wo weeks. So began the American 
effort to make education available to 
ill. From the chaos which war nad 
Drought to the Islands emerged a 
complete system of public schools, with 
<;choolhouses “scattered into every 
look and cranny of the archipelago, 
:rom the mountain Igorot country 
iown to wild Moro land.” The first 
;eachers were volunteers from among 
;he American soldiers. Later Amer- 
can men and women teachers came to 
;he Islands by the hundreds. Not 
jncommonly the American school 
seacher, assigned to an isolated barrio 
in an isolated island, had no other 
white neighbors within many miles. 

It was a leading Filipino citizen of 
Manila who first emphasized to me 
that in this effort to achieve universal 
:ducation our country was embarking 
m a policy that was new to colonial 
administration. The results of this 
ambitious effort have been impressive. 
For years education in the Philippines 
htas accounted for almost one-third of 
the government budget. At the time 
af the Japanese invasion, expansion of 
he educational work was still vigor¬ 

ously progressing. The total school 
enrollment was then over 2,000,000. 
There were almost 11,000 primary 
schools, over 1,300 intermediate schools, 
114 secondary schools, 5 junior colleges, 
and the University of the Philippines, 
not to mention the many excellent 
private schools. Illiteracy had dropped 
from about 80 percent in 1903 to less 
than 50 percent in 1939, and within the 
younger generation one rarely encoun¬ 
tered illiteracy. English had largely 
taken over the place formerly held by 
Spanish. 

The public school system has pro¬ 
vided the main channel through which 
our government has disseminated the 
all-important principles of sanitation, 
hygiene, and good health. Modelled 
too closely after American schools at 
the outset, the Philippine system 
gradually became closely adapted to 
the distinctive needs of the country, 
placing increased emphasis on voca¬ 
tional training and, particularly, 
agriculture. In later years agricultural 
training has been included in the cur¬ 
riculum of even elementary schools. 
While in the Islands, the speaker 
found it extremely interesting to 
examine the many school textbooks 
which American scientists, residing in 
the Philippines, had prepared especial¬ 
ly for use in the teaching of geography, 
biology, agriculture, general science, 
and similar subjects in the Philippine 

public schools. 

For the purpose of giving vocational 
and citizenship training to older people, 
in 1936 the office of Adult Education 
was established, and a splendid begin¬ 
ning was made in offering adult 
training in gardening and other phases 
of agriculture, as well as sanitation and 

homemaking. 

Foremost among the higher institu¬ 
tions of learning in the Islands is the 
University of the Philippines, founded 
during the American regime in 1908.11 
By reason of its situation in the heart 
of Manila, the departments of this 
university, especially its scientific ones, 
have profited greatly from close coop¬ 
eration with such government units 
as the Bureau of Science, whose staff 
members have in many cases served 
also on the faculty. Through addition 
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of college after college, the University 
gradually developed into a great, 
complex institution, and a principal 
center for scientific instruction and re¬ 
search, with modern buildings and 
facilities, beautiful spacious grounds, 
a faculty of about 200, and an annual 
student enrollment of nearly 8,000. It 
has offered courses leading to degrees 
in Medicine, Dentistry, Pharmacy, For¬ 
estry, Agriculture, Veterinary Science, 
Engineering, and all the other branches 
one might expect to find in an institu¬ 
tion patterned after the American 
state university. A frequent visitor to 
the University of the Philippines in the 
summer of 1940, I found it difficult to 
realize I was not back on an American 
campus. For some years the University 
has maintained branches at the cities 
of Baguio and Cebu. In some fields the 
University has offered graduate work, 
and in particular it has stressed its 
facilities for advanced studies in na¬ 
tural science, but many of its graduates 
have chosen to earn their higher de¬ 
grees at universities in the United 
States, where the Philippine gradu¬ 
ate student has become a familiar 
figure. It is of interest to note that in 
later years the administrative officers 
and faculty of the university have 
consisted almost entirely of Filipinos. 

PUBLIC HEALTH 

It was in the field of public health 
that the American government made 
what many would regard as its great¬ 
est achievement in the Philippines. 
This record is one which parallels that 
made in Panama, in connection with 
the building of the Panama Canal; but 
in many respects it is even more re¬ 
markable although less generally 
known. Many names loom large in the 
conquest of disease in the Philippines 
—to mention a few, Dean C. Worcester, 
Paul C. Freer, Richard Strong, Victor 
G. Heiser, Major Frank S. Bourns, Lt. 
Col. G. C. Dunham, Col. L. M. Maus, 
and Governor-General Leonard Wood. 

Of the pioneering period, 1898 to 1914, 

Worcester has been called the “leader” 

and Heiser the “great administrator 

and field officer”. The autobiography12 

of Dr. Heiser, who was Commissioner 
of Public Health in the Islands from 

1905 to 1914, is a dramatic narrative 
that recounts how the health campaign 
was vigorously and relentlessly waged 
along many fronts, often with slow 
gains that were maintained only 
through ceaseless vigilance. Dr. Heiser j 
states13 that when this campaign was 4 
begun there was not a good operating ! 
room in the Islands, and no laboratory 4 
facilities. “To remedy this condition 
Worcester, in 1900, had formulated a 
plan on a noble scale to build a hospit- l 
al, a medical school, and a laboratory 
of science all in one group—the medical 
center idea adopted in the United 
States so much later. . .After eight ! 
years of steady pounding he was 1 
rewarded with success.” 

This was one phase of a program 
that entailed the establishment of | 
smaller hospitals throughout the Arch- ] 
ipelago; the training of native doctors j 
and nurses, and their assignment to ^ 
remote posts on scattered islands; the { 
cleaning up everywhere of contamin¬ 
ated water supplies and other sources 
of infection; the building of modern 
waterworks and sewer systems; intro¬ 
duction of a universal and at first far 
from popular program to educate the 1 
populace in sanitary and hygienic j 
principles; wholesale vaccination; the 
drafting of laws and regulations for 
the protection of health, including a ! 
sanitary code, pure food and drug 
legislation, laws and regulations gov- 1 
erning the teaching and practice of 
medicine, nursing, dentistry, and 1 
pharmacy. In this campaign private 
organizations, such as Protestant and 
Catholic missionary groups, cooperated 1 
through their schools and hospitals. 
From 1922 to 1935 the Rockefeller 
Foundation supported a broad public 
health program outlined by Dr. Heiser, 
which provided for a graduate School! 
of Public Health and Hygiene at the 
University of the Philippines, and 
exchange fellowships which each year 
enabled more than thirty Filipino 
doctors to take graduate courses in the 
United States. The latter 'provision 
has been most important in preparing! 
the Filipinos for the responsibility of 
carrying on for themselves. 

Results of the health campaign have ! 
been sensational, indeed almost incred- 
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le. One after another the fearful 
ddemics of small pox, cholera, and 
ibonic plague were brought under 
ntrol. Smallpox was essentially 
iped out. Dysentery and tuberculosis 
ere checked, malaria greatly reduced, 
epers were segregated and given all 
e help that medical science and 

umane consideration could provide, 
irough more balanced diet and gen- 
al improvement of their well being,14 
e people made notable gains in 
gor and resistance to disease. Fig- 

•*es strikingly reflect these changes, 
le population of the Islands more 

nan doubled during the American 
period, increasing from less than 
ven million in 1903 to over sixteen 
illion in 1939. Death rates have 
•opped—in Manila, for example, from 
i per 1000 in 1904 to 18 per 1000 in 
135. So also infant mortality, which 
fers the most striking figures of all; 

L Manila the decrease was from 80 
er 100 to 6 per 100. 

SUMMARY 

Obviously this record of science in 
te Philippines should not be regarded 
; something apart from corresponding 
langes in all the walks of life in this 
isular country. A recent writer, 
rilliam H. Haas, has commented15 
tat “culturally as well as economically 
ae progress. . .has been little short of 
aenomenal. Probably no other coun- 
y can show a similar change. The 
wlessness of Spanish days has been 
^placed by a well-organized govern¬ 
ment with an efficient constabulary of 
ative soldiers who, through their de- 
ation to duty, have made their coun- 
y as law-abiding as in any other 
rogressive nation. Where formerly 
istice was largely a mockery, today 
)urts carry out constitutional guar- 
itees through native judges leaving 
ttle to be desired. Besides this, 
lurches, schools, good roads, sanitary 
introl, and the like place the Philip- 
ines, the only Christian nation in the 
ar East, well to the front among 
ations.” 

My subject is one that can be pur¬ 
led indefinitely, but I do not propose 
) develop it further. This much has 

een said to establish the thesis, that 

our country has given a good account 
of its stewardship of the Philippines, 
and that in carrying out its role of a 
“liberating rather than a conquering 
nation” the American government 
found in science an indispensable aid. 

I have sought to make this point for 
reasons other than mere academic 
interest. Through four decades the 
American Philippine relationship re¬ 
mained as Ralston Hayden puts it, 
“happier and more fruitful than any 
other which has existed in modern 
times between a dominant and a 
dependent people.”10 But since the 
fall of Corregidor, the Islands have 
been cut off from all contact with us, 
isolated as if on another globe. We 
can only conjecture concerning the 
condition of the people, and the fate 
of institutions that Americans and 
Filipinos together erected during the 
years of common endeavor. This much 
is certain, that when allied victory in 
the far-off Pacific theatre of war again 
brings peace and freedom to the 
Islands, we can expect to find in ruins 
much that we cherished because it was 
the expression of our best efforts and 
our finest national traditions. Who 
will say that in that day it is not in¬ 
cumbent upon us to take up anew 
the Philippine program, even if we 
must start again almost at the begin¬ 

ning? 

There are implications even more 
far-reaching. To predict the future is 
beyond the ken of any man, but we 
may assume that in the post-war 
period toward which we hopefully 
look, the rehabilitation of crushed and 
broken nations everywhere will be an 
obligation, urgent and inescapable, de¬ 
volving upon those nations like our 
own that are rich and strong, or have 
suffered least. When that time comes, 
it may well be that our government, 
seeking the pattern for a program 
which will have for its purpose the 
aiding of a stricken world, will turn 
to its Philippine experience and find 
in it a new and larger meaning than 
has yet been evident. For if it proves 
anything, the Philippine experiment 
demonstrates that the principles of 
the Atlantic Charter are definitely 

workable among colonial peoples even 
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in the most distant corners of the globe. 
And undoubtedly, as was the case 

during the years that followed Dewey’s 
victory at Manila Bay, civilians will 
again be assigned to take the place of 
the military, and build a new and bet¬ 
ter order on the ruins of the old. If 
history thus repeats itself, this time 
it may well be on a global scale, and 
the place of science in the program 
will be large. I am confident that once 
again American men of science will 
join with statesmen, educators, and 
others in meeting these new respon¬ 
sibilities, accepting their challenge in 
the same spirit of high adventure that 
distinguished those colleagues of a 
generation or two ago, who journeyed 
across half the world to labor in the 

Philippines. 

In times like these, when on unnum¬ 
bered battlefields we witness the dev¬ 
astating effectiveness of science when 
used for purposes of destruction, we 
need to recall that science is no less 
powerful and no less efficient when 
used in the pursuits of peace. In itself 
science is neither good nor evil;, 
applied in war it can devastate a nation 
or, in the service of Christian charity, 
it can prove an agency of blessing used 
to banish fear and pestilence. The,, 
choice between such alternatives lies- 
with humanity. As a case in point andr 
one that gives us much of hope for 
years to come, I submit to you the^ 
record of American science in the] 
Philippines. 

■: 
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THE TRUSTEESHIP OF THE NATIONAL PARK SERVICE 

Carl P. Russell 

Supervisor of Interpretation, National Park Service, Chicago, Illinois 

TJNDAMENTAL IDEA OF PARK 
PROTECTION 

Prior to December 7, 1941, the most 
ovoking question that could be ad- 
essed to a National Park Service man 

aas, “What can there be for you to do 
the winter?” Today park officials 

imetimes Contend with a more serious 
lestion which reflects the same lack 

understanding of national park 
>jectives that prompted the pre-war 
uestion. Some citizens now ask, 
What can there be for you to do in 

artime?” 

Both questions, of course, grow out 
the rather popular supposition that 

e parks and monuments can be closed 
ke theatres and left to themselves 
[hen the crowd goes home. To the 
toughtful citizen it is quite obvious 
iat they cannot be “closed.” Problems 

adequate care of these outdoor 
useums of science and history are 
ways present. It is these problems of 
ark protection, particularly, and the 
ethods of meeting them that I wish 

• describe. 

Principles of Administration 

By way of beginning, a quick synop- 
s of national park objectives is in 
:der. The fundamental ideal of park 
rotection is expressed in the Act of 
ugust 25, 1916, creating the National 
ark Service—its lands are to be held 
lo conserve the scenery and natural 
ad historic objects and wildlife there- 
l, and to provide for the enjoyment 
lereof in such manner and by such 
leans as will leave them unimpaired 
)r the enjoyment of future gener- 
tions.” The reason for that policy, 

finch was well established before the 
Tational Park Service was created and 
finch has been affirmed repeatedly by 

cts of Congress, is found in the con- 

iction that only by such conservation 

can the areas entrusted to the National 
Park Service fulfill the purposes for 
which they were established; they are 
to provide the highest and most deeply 
satisfying enjoyment that they are 
capable of yielding, and to promote 
popular understanding of the natural 
and historical processes which they 
exemplify. 

As a means to that end, it is the re¬ 
sponsibility of the Service first of all 
to acquaint itself fully with all that 
these public properties contain; to 
determine their significance and value 
and the uses to which they may be 
properly and safely put; and to utilize 
the most effective methods at its dis¬ 
posal, on the basis of this knowledge, 
to add to public understanding and 
enjoyment of them. Certain principles 
of administration have been defined 
which have been endorsed by many 

of the conservation organizations of 
the land. These principles might be 

elaborated upon to form a book-length 

dissertation but for present purposes 

it will suffice if I present a bare out¬ 
line of the basic settled rules of action. 

1. The national parks must be kept 
unimpaired for the use of future 
generations. 

a. No hunting. 
b. No logging. 
c. No grazing of cattle. 
d. No mining. 
e. No summer homes. 
f. No commercial developments 

except those required for the 
accommodation of visitors. 

2. National interests must dictate 
establishment and use. 

a. Each national park is repre¬ 
sentative of a distinctive 
American feature, 

b. Local interests must not af¬ 
fect high standards in selec¬ 
tion, acquisition, and use of 
areas. 

[15] 
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3. Units in the Federal Park System 
are preserved for highest use by 
all people. 

a. To be made accessible to the 
public. 

b. Accommodations of all 
grades to be provided. 

c. Recreational development to 
be limited to natural facili¬ 
ties. 

d. Interpretation of park val¬ 
ues of primary importance. 

These principles were defined long 
ago, and since the early 1920’s, at least, 
they have constituted a code of proce¬ 
dure for every park official. Even in 
normal times it has required vigilance 
to sustain the high ideals expressed in 
the code. Now, under the stress of war 
the number of hurried demands and 
misguided pleas for special privileges 
and general exploitation is greatly in¬ 

creased. 

PROBLEMS CREATED BY WAR 

What do citizens expect of the Na¬ 
tional Park Service during the war? 
The answer to that question comes to 
us in many and varied forms. Pressure 
groups prompted by selfish interests 
are most vocal, of course. The large 
majority in the great body of one-time 
park visitors are not organized and 
have no single mouthpiece, but, fortu¬ 
nately, they do find good represen¬ 
tation in the scientific societies, histori¬ 
cal associations, and conservation 
organizations of the nation. Nearly a 
thousand organized groups manifest 
interest in the affairs of the National 
Park Service. We welcome this inter¬ 
est and strive to respond to it in a per¬ 
sonal way so far as it is possible to do 
so. Outside of the parks it is not possible 
to meet as many organized groups as 

we should like to meet because no ex¬ 

tension service has been provided in 

our official program, but in the parks 
and monuments the Service officials 

personally meet millions of citizens 
through ranger activities and the pro¬ 

grams of the park naturalists. 

Restricted Travel 

In 1941 some 21 million people had 

entered the parks and monuments prior 

to the fateful December 7. This was an 

all-time high in travel figures. The 
declaration of war had an immediate 
effect upon visitor numbers, and 
through 1942 rationing, rubber short¬ 
age, and restrictions on recreational j 
travel in common carriers brought 
about a decline in park travel. Some i 
parks showed a drop of 80 per cent, 
and it is impossible at this time to fore¬ 
tell what public use will be made of 
the national parks in 1943. It is inter-; 
esting to note, however, that even 
this diminished travel of 1942 was 
greater than the total national park; 
travel for 1935. 

So far as we know, recreational tra¬ 
vel in 1943 will be permitted to use; 
available space on regular scheduled 
trains and busses. Restrictions on 
public and private transportation gen-' 
erally will limit long distance travel 
but there are indications that there! 
will be some civilian and military 
travel to many of the national parks 
and' monuments, especially to those 
areas within a reasonable distance 
of Army camps and large centers o: 
population and to those accessible 
by regular scheduled transportatior 
lines. Anticipating this use, Service 
officials and the operators of hotel* 
and lodges in the parks are now mak 
ing arrangements for limited services 
that will be required by visitors. 

Military Use 

During the travel year, October 1 
1941 to September 30, 1942, about It 
million persons visited the various 
units of the National Park System 
Included in the 1942 totals were ap 
proximately 900,000 members of th« 
armed forces of the United States. Thi 
use of the parks by soldiers and sailor 
has continued in 1943. The officers o 
many Army camps and Naval station 
located near national parks and monu 
ments have encouraged their men tj 
visit the areas. In some instances or 
ganized tours to national parks ar 
featured as a part of the morale-build 
ing program of the military. For ex 
ample, Hobbs Air Field, located 10 
miles from Carlsbad Caverns Nations 

Park, has perfected plans for sending a 
least 1,000 soldiers each month to th 

Caverns. Arrangements have bee 
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nade by the Merced (California) Fly- 
ng School to send 500 men to Yosemite 
National Park each week. Of the 7,706 
persons who visited Petersburg Nation¬ 

al Military Park in January 1943, only 

175 were civilians. Whether the men 

:ome in small groups or as organized 
units they enter the parks without 

Civilian War Workers 

V-ery recently, defense plants in 
California have organized vacation 
tours to the Sierra National Parks. The 
Lockheed plant and Consolidated Air¬ 
craft have sent several groups of 30 or 
more employees to Yosemite National 
Park to remain for two weeks, and ad- 

On the Trail in Rocky Mountain National Park 
(Courtesy of Union Pacific Railroad) 

use by visitors. 

charge and the National Park Service 
makes every effort to extend to them 
a special service that will assist them 
in knowing and appreciating the na¬ 

tural and historic treasures contained 

in the areas. 

At Manassas (Bull Run) National 
Battlefield Site the graduating classes 

of the Reserve Officers School of the 
Marine Corps, Quantico, Virginia, study 

■ the area as a part of their training. 

K National Park Service officials lecture 

to these officer candidates on the two 

campaigns and battles of Bull Run. 

More than a thousand marines visit 

this area each month. 

ditional similar groups are scheduled to 
spend their vacations in this manner. 

This use of national parks and monu¬ 
ments by the armed forces and war 
workers may seem incompatible with 
the nation’s ban on pleasure travel, 
but, certainly, it is in harmony with the 
recreational needs of the military and 
the war production program. 

Morale-building Function 

Recently Joseph B. Eastman address¬ 
ed the Allegheny Regional Advisory 
Board of Railroads, stating: 

“Recreation under present conditions 
can be undertaken solely with the 
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purpose of building up body and mind 
and with the chief thought that this 

will help win the war. At the same 
time it has been proven beyond doubt 
that human beings cannot sustain con¬ 

tinued and prolonged work for very 
long, without obtaining a proper balance 
between work on the one hand and 
vacations and recreation on the other.” 

of vacations from now till the end of 
the year rather than during three 

months in the summer, and we repeat 
what has been said about traveling mid¬ 
week, avoiding trips on week-ends and 
holidays.” The National Park Service 
does not encourage or advocate recrea¬ 

tional travel but it is prepared to ad¬ 
just its programs to meet the demands 

St. Mary’s Lake and Going-to-the-Sun Mountain, Glacier National Park 
(Courtesy of Union Pacific Railroad) 

The background of American character is reflected in the landscapes of the national parks^ 
and the march of freedom in the United States is portrayed in the historical areas eared toi 
by the National Park Service as shrines of culture and national progress. They are, tangible 
symbols of democracy. 

Mr. Ralph A. Bard, Assistant Secre¬ 
tary of the Navy, writing for the New 
York World Telegram on the subject 
of absenteeism, recommended a system 
of short vacations every 90 days as a 
help to the efficiency of war workers. 
Paul V. McNutt, War Manpower Com¬ 
missioner, is reported to have endorsed 
the incentive vacation plan proposed 
by Assistant Secretary Bard. A month 
ago an official of O.D.T. stated in 
Chicago, “There is a definite need for 
civilian travel conservation; vacations 
as usual are not possible. We recognize 
that health and morale make some rest 

and relaxation necessary, but we urge 
that this be obtained with the minimum 
burden on transportation. We must 
minimize the peaking of loads on the 
carriers. There should be a spreading 

of those who find it possible to visit the 
parks and monuments. 

There is always a morale-building 
value in national park use which may 
be particularly significant now. The 
battlefields of Yorktown and Gettys¬ 
burg and the Statue of Liberty are 
wellsprings of patriotism. Pride in 
America swells in the hearts of all who 
look upon the mile-deep chasm of 
Grand Canyon, the geysers and hot 
springs of Yellowstone, the thundering 
waterfalls of Yosemite, and the tower¬ 
ing Sequoias. One hundred and twen¬ 
ty-five million of our citizens have had ! 
such experiences during the past ten 
years. Consciously or unconsciously 
there has been built up within them I 

an increased faith in our country. If 

public transportation had not been up- : 
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set by the war demands for materials 
and facilities, the Service would, we 
believe, have been justified in encour¬ 
aging extensive civilian use of the 
parks because of their morale-building 
values. The present use of parks by 
the military is definitely linked with 
the recreational and morale-building 
programs of the armed forces and it 
seems reasonable to conclude that 
national park experiences add to the 
conviction of these men that this is a 
country worth fighting for. 

Maintenance Problem and Park 
Protection 

Even if civilian Americans for the 
time being cannot visit their national 
parks, they gain courage from the fact 
that these possessions are being pro¬ 
tected, and will be available to them 
after the war has been won. The war¬ 
time program of custodial work in the 
national parks and monuments recog¬ 
nizes this. Heavy investments have 
been made by the National Park Serv¬ 
ice in its physical plant. There are 167 
areas in the Federal Park System com¬ 
prising 22,000,000 acres. Upon these 
lands are physical developments con¬ 
servatively valued at 215 million dol¬ 
lars. These investments will be pro¬ 
tected; maintenance programs must 
continue whether or not the facilities 
find heavy public use. Even more im¬ 
portant is the duty of preserving the 
natural and historic park values which 
are of fundamental importance in the 
American scene. These values are 
fragile things. Major problems in 
physical, geological, biological, and 
historical sciences are encountered and 
solved in preserving them. 

The processes of nature impose many 
of these problems upon the park 
administrator, whether or not visitors 
are in the areas. Just now there is the 
necessity of protecting the natural and 
historic values from impairment that 
may be brought about by enthusiastic 
promoters of wartime use of park and 
monument resources. Most of the 
demands come from well-meaning cit¬ 
izens; others may be the culmination 
of planned raids. All must be studied 
and appraised. Some examples of 
these wartime problems follow. 

PROBLEMS OF PARK PROTECTION 

Military Permits 

Five hundred thirty-two permits 
have been granted to the armed forces 
and war agencies for operations and 
activities within the national parks and 
monuments. Had it been necessary 
for the War and Navy Departments to 
provide the lands and facilities made 
available by the National Park Service, 
not less than 30 million dollars would 
have been expended. Requests were 
analysed, investigated, and studied to 
determine what action should be taken 
to aid in the war program and at the 
same time protect park values. These 
permits have ranged from the installa¬ 
tion of direction finders along the coast¬ 
al areas to the complete assignment to 
the Army and Navy during the war 
of two national monuments — Fort 
Pulaski in Georgia and Cabrillo in 
California. The extent and nature of 
most of these permits of necessity are 
confidential, but it is interesting to note 
that the British Navy has made use of 
Recreational Demonstration Areas 
under the administration of the Na¬ 
tional Park Service in giving 10,000 
battle-weary British sailors an oppor¬ 
tunity to enjoy a change of scene, and 
the United States Army has utilized 
the National Park Service personnel 
in planning and constructing inexpen¬ 
sive rest camp facilities in areas which 
would be available to soldiers on leave. 
Thirty-three camps with a capacity of 
20,000 men were constructed in 23 
states and the District of Columbia. 
This rest camp program was launched 
before our entry into the war and is 
quite separate and distinct from the re¬ 
creational use of national parks by the 
military mentioned previously. 

Demands for National Park Service 
Timber 

The shortage of Sitka spruce for air¬ 
plane manufacture may be a threat to 
the safety of the virgin forests in Olym¬ 
pic National Park. This park serves its 
highest public use by preserving for 
future generations a remnant of the 
vast forests that once were the glory 
of the Pacific Northwest. Once muti¬ 
lated, an outstanding natural spectacle 
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Yellowstone Canyon and Falls of the Yellowstone River 
(Courtesy of Union Pacific Railroad) 

For centuries Americans were so concerned with the exploitation of natural resources 
that little thought was given to preserving any remnants of them. Yellowstone became 
the first national park in 1872. Twenty years elapsed before other areas were recognized as 
worthy of similar preservation and yet another quarter of a century passed before a program 
of organized park protection under a National Park Service was instituted in 1916. 

is lost to America forever. The con¬ 
sensus of conservation leaders is that 
none of the virgin forest in this park 
should be cut unless the trees are ab¬ 
solutely essential to the prosecution of 
the war. Logs from Oregon, Washing¬ 
ton, Alaska and British Columbia are 
being made available, and the Nation¬ 
al Park Service is cooperating in the 
provision of airplane spruce by selling 
some of the timber in the Queets Cor¬ 
ridor Parkway adjoining Olympic Na¬ 
tional Park. 

It should be made clear that the 
areas in which cutting has been author¬ 
ized are not within Olympic National 
Park. The Federal Government acquir¬ 
ed a strip of land one-half to three- 
fourths of a mile wide on each side of 
the Queets River extending from the 
boundary of the park to the Quinault 
Indian Reservation, a distance of ap¬ 

proximately 12 miles. An ocean strip 
somewhat over a mile in width was 
also acquired. This strip extends north 
from the Quinault Indian Reservation 
to the Ozette Indian Reservation. It 
follows the ocean shore for approx¬ 
imately fifty miles. Acquisition of 
these lands was a Public Works project 
undertaken for parkway and protective 
purposes. 

The Western Log and Lumber Ad¬ 
ministrator of the War Production 
Board has recommended that selected 
Douglas fir and Sitka spruce of air¬ 
craft quality be made available from 
the Queets Corridor. The Secretary of 
the Interior in accordance with this re¬ 
quest advertised this timber for sale 
in conjunction with a similar sale of 
timber on adjacent lands which belong 
to the University of Washington. One 
bid was received and the logging of 4 
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million feet of timber is now in prog¬ 
ress. The contract of sale calls for 
selective cutting and a forest screen 
will be retained along the road right- 
of-way. 

Urgent requests from tannin extract 
manufacturers for the surrender of 
dead chestnut on the Blue Ridge Park¬ 
way, and in the Great Smoky Moun¬ 
tains National Park have been received. 
In the case of the Blue Ridge Parkway, 
it was planned that most of the dead 
chestnut would ultimately be remov¬ 
ed in landscaping and hazard reduc¬ 
tion measures. It seems advisable to 
make this wood available now in view 
of the demands for easily accessible 
supplies of chestnut. The Peaks of Ot¬ 
ter area is to be used for a trial sale 
if bids are obtained. The National 
Park Service adheres to the opinion 
that such cutting within the national 
parks must be avoided except as a last 
resort in case the need for dead chest¬ 
nut for tannin extract becomes an acute 
war necessity which cannot be met 
from the supplies elsewhere. Accord¬ 
ing to the best information available 
at this time, such a contingency does 
not appear imminent. 

Requests for Mineral Resources 

Similarly with proposals to mine 
strategic minerals in the national parks 
and monuments, the position has been 
taken that invasion of a national park 
by mining can be justified only to fur¬ 
nish strategic or critical minerals in¬ 
dispensable to the war and not obtain¬ 
able elsewhere. In general, studies 
indicate that strategic minerals are not 
present in national park areas in suf¬ 
ficient quantities to be of economic im¬ 
portance, but the Service in collabor¬ 
ation with the Geological Survey is 
prepared to aid in determination of the 
nation’s highest interest in the matter 
of sacrifices necessary to provide war 
materials. Any developments that may 
be adjudged necessary will be under¬ 
taken by the Government and no finan¬ 
cial benefits will accrue to individuals 
or other private interests. 

In May 1942, the Secretary of the In¬ 
terior authorized the Defense Plant 
Corporation to extract salt from Death 
Valley National Monument for a period 

of three months, for use in the produc¬ 
tion of magnesium at the Las Vegas, 
Nev., plant. The permit was given 
with the understanding that the op¬ 
erating company, Basic Magnesium, 
Inc., would develop a suitable supply 
of salt elsewhere as soon as possible. 
By August 9, about 18,000 tons of salt 
had been extracted when the operation 
was halted by a cloudburst which 
washed out the roads. The roads were 
repaired and the permit extended but 
no salt has been taken from the nation¬ 
al monument since the interruption in 
August. Suitable salt supplies have 
been located elsewhere and there will 
be no occasion for renewed salt mining 
in Death Valley. In some degree the 
natural landscape features of the na¬ 
tional monument were impaired by this 
operation, but it is hoped that Nature 
will restore the salt pinnacles that were 
leveled by the mining operation. 

Another case of National Park Serv¬ 
ice mineral resources required by the 
war production program is found in 
Yosemite National Park where a de¬ 
posit of tungsten was found in the high 
country on the north boundary of the 
area. A study of the deposit was con¬ 
ducted last August by the Geological 
Survey, at the request of the National 
Park Service. The deposit is relatively 
small but of high grade. Upon the ad¬ 
vice of the War Production Board, ar¬ 
rangements have been made with the 
Metals Reserve Company to extract 
the ore of this critically scarce mineral 
as soon as weather conditions will 
permit. 

Prospectors and other local interests 
have pressed several other claims for 
the exploitation of minerals in Nation¬ 
al Park Service areas but most of the 
deposits have proved to be of no im¬ 
portance to the war program. Reported 
occurrences of copper in Grand Canyon 
and Mt. Rainier National Parks were 
demonstrated to be of negligible value. 
The same appraisal was given to a 
manganese deposit in Shenandoah Na¬ 
tional Park. Discoveries of manganese 
in Boulder Dam Recreational Area, 
however, prove to be important and the 
deposits will be mined for the Govern¬ 
ment. Thirty-eight thousand yards of 
gravel and stone were removed from 
Sitka National Monument for military 
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Old Faithful Geyser, Yellowstone National Park 
(Courtesy of Union Pacific Railroad) 

The “living- museum” exhibits of the national parks constitute basic values which exceed 
their playground qualities. In the master plan of each park and monument appears a concise 
statement of those features or values which distinguish the area. The inventory, or tnter- 
pretive statement is more than a listing of principal features ; it is an analysis* of the record 
of inspirational and recreational experiences enjoyed by visitors. These analyses point to 
the fact that the important values of the National Park System are found in its capacity to 
stimulate pride in and understanding of our natural heritage and cultural tradition. 
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purposes. Molybdenum reported to oc¬ 
cur in Sequoia National Park is to be 
investigated. 

Glacier Bay National Monument and 
Mt. McKinley National Park, Alaska, 
Death Valley National Monument, 
California, the northern and eastern 
portions of Olympic National Park, 
Washington, and Organ Pipe Cactus 
National Monument, Arizona, are sub¬ 
ject to the mining laws of the United 
States with certain surface restrictions 
under Departmental regulation. The 
Geological Survey has conducted a 
search for strategic and critical miner¬ 
als in some of these areas during the 
past several years. All other areas in 
the National Park System are closed to 
prospecting and mining in accordance 
with the mandate of Congress. Re¬ 
cognizing its primary responsibility 
to protect the parks and monuments 
from exploitation, the Service has, 
nevertheless, also recognized its duty 
to maintain a cooperative attitude to¬ 
wards proposals to utilize the natural 
resources of the parks for war pur¬ 
poses. Each proposal for mining is 
given careful study to determine 
whether it is in the public interest to 
draw upon the resource involved and 
to ascertain if the necessities of war re¬ 
quire that the sacrifice be made. 

Siockgrowers' Interest in National 
Park Service Range Lands 

In ten national parks and thirty- 
three national monuments and other 
Service areas, the grazing of livestock 
was permitted when the areas were 
established and continues to be tolera¬ 
ted by the National Park Service under 
authority extended by the Congress to 
the Secretary of the Interior. Some 
19,893 head of cattle and 74,097 sheep 
fed upon the ranges opened to them by 
the National Park Service in 1942. Ap¬ 
proximately 1,300,000 acres of Service 
lands are affected by these permits— 
less than one-seventh of one percent 
of all the lands grazed in the United 
States. To the comparatively few stock- 
growers who have established their 
business enterprises in the neighbor¬ 
hood of Service areas the availability 
of Service grazing land looms big in 
the economic scheme. To the rest of 
the nation, this grazing in national 

parks and monuments is relatively un¬ 
important economically, however the 
present demand for increased meat pro¬ 
duction has caused the United States 
Government to study the grazing po¬ 
tentialities of even minor units. The 
livestock industry, always alert to ad¬ 
vance its interests, has opened its cam¬ 
paign to expand grazing in certain na¬ 
tional parks where grazing now is 
permitted and to gain access to certain 
other parks and monuments where 
grazing has been excluded. 

Recently, the National Park Service 
has made a careful investigation of all 
grazing potentialities of the lands 
under its jurisdiction. This inventory 
of range resources was made in con¬ 
nection with a survey conducted by the 
Department of the Interior to deter¬ 
mine what contributions can be made 
to the nation’s food and fiber supply. 
The study produced statistics on Na¬ 
tional Park Service range resources 
which cause the Service to reaffirm its 
long-standing policy of eventual elim¬ 
ination of all grazing by cattle and 
sheep from the scenic-scientific areas 
under its administration. There will be 
no departure from the established 
principle that the great scenic parks 
and other important natural areas shall 
be held inviolate, but on certain types 
of areas opportunity exists to increase 
grazing during the emergency. In Great 
Smoky Mountains National Park and 
in Gettysburg and Lava Beds National 
Monuments an increase in the number 
of animals now on the range may be 
permitted, but no extension of the 
areas grazed will be involved. In Carls¬ 
bad Caverns and Shenandoah National 
Parks and in six national monuments, 
one national historic park, one national 
recreational area, one national histori¬ 
cal site, two national parkways, and 
three recreational demonstration areas 

n extension of grazing to ranges not pre¬ 
viously used, as well as an increase in 
the number of animals now grazed on 
existing ranges may be permitted. 
This extension and expansion may re¬ 
sult in a 20 per cent increase in the 
number of cattle grazed and a 10 per 
cent increase in the number of sheep. 
However, the number of animals in¬ 
volved (cattle—20,000 increased to 25,- 
000, and sheep—74,000 increased to 
82,600) is very small when contrasted 
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with the total volume of business en¬ 
gaged in by the American stock indus¬ 
try. It is worthy of note that the goal 
of the Grazing Service of the Depart¬ 
ment of the Interior in serving the 
nation’s food-for-war program is to ob¬ 
tain a 10 per cent increase in stocking 
cattle and sheep on the Federal range. 
Judged on the basis of the proposals of 
the Grazing Service, the possible in¬ 
creases in National Park Service graz¬ 
ing activities should be accepted as 
adequate, but the Service cannot dis¬ 
miss the problem as solved. Pressing 
demands for grazing privileges affect¬ 
ing areas that should be held inviolate 
are being made by stockmen and their 
lobby. The situation may involve a 
crucial test of the national park idea. 
Conservationists, generally, should be 
informed regarding the menace. 

Effects of Grazing. A few of the 
damaging effects of grazing in national 
parks and monuments may be mention¬ 
ed here: 

(1.) Injury to scenic and esthetic 
values. Grazing of livestock destroys 
the very wilderness character by which 
many of the national parks and monu¬ 
ments are distinguished. These areas 
are preeminent among the few virgin 
reservations in the country and they 
serve as check plots and research areas 
for biological research workers as well 
as outdoor laboratories for a growing 
number of students and nature lovers. 
Grazing injures, even eliminates in 
some instances, many flowering plants 
or other botanical features of high 
scientific and esthetic value. The lush 
mountain meadows of the scenic parks 
often are the most sensitive spots, and 
after a few years of intensive grazing 
may become barren wastes. Unsightly 
gullies develop and soon the forces of 
erosion have wrought irreparable 
damage. 

(2.) Damage to historical and arch¬ 
eological values. During recent years 
the National Park Service has made 
determined effort to stabilize the 
hundreds of important historic and pre¬ 
historic structures and ruins that are 
found within its areas. The purpose of 
this work has been to arrest the de¬ 
structive effects of weathering and 
erosion. Domestic livestock, given 
access to these areas of cultural sig¬ 

nificance, may in a few minutes do 
more harm to ruins, sites, markers and 
inscriptions than would the forces of 
nature in a human lifetime. 

(3.) Effects upon biological relation¬ 
ships. It is obvious that heavy grazing 
brings about drastic ecological changes 
and if long continued notably alters the 
biota of the area grazed. If stock have ( 
access to virgin lands too early in the 
season or if the number of grazing 
animals is too great, normal growth of 
certain plants is prevented, the vigor 
and nutritive value of the more palat¬ 
able species are reduced and eventually 
the original good forage may be re¬ 
placed by the poisonous plants and un¬ 
palatable species which are not taken 
by the stock. The destructive effects 
of trampling affect the sod or other 
ground cover, opening the way to 
stream cutting, gulley formation and 
the removal of top soil. The water 
table is lowered and moisture-loving 
plant species find themselves without 
sustenance. The subsequent drying out 
of the soil invites the establishment of 
lodgepole pine seedlings or other spe¬ 
cies foreign to the original plant as¬ 
semblage, and in a comparatively few 
years the primitive biological picture 
has been obliterated. Destruction of the 
plant species has immediate effect 
upon the animal population. Browsing 
and grazing members of the fauna are 
deprived of their sustenance which, in 
turn, affects the flesh eaters. Increased 
siltation of the streams modifies the 
aquatic fauna and flora including the 
fish resources. Wildlife watering holes 
are polluted or otherwise rendered un¬ 
fit for use. Not the least important 
among the damaging results of grazing 
is the introduction or extension of the 
diseases of domestic stock among cer¬ 
tain native species. Stock-carried exotic 
plants add to the menace. 

(4.) Depreciation of general recrea¬ 
tional values. The nuisance element 
and the accompanying unsightly effects 
resulting from the presence of cattle 
in campgrounds and other areas of in¬ 
tensive human use give emphasis to the 
incompatibility of grazing and recrea¬ 
tional use. Pollution of bathing areas 
and domestic water supplies are accom¬ 
panying ills. The use of the “back 
country” by park visitors is encouraged 
by the service. This use calls for pack 
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animals and saddle horses. In many 
ligh country meadows the forage for 
‘recreational stock” is already taxed 
to its full capacity and cannot stand the 
added strain of cattle grazing. 

(5.) Damage to park structures and 
other physical developments. Cattle 
free to range through the national 
parks and monuments bring about a 
v'ery rapid deterioration of roads, road 

slopes and trails. They damage the 

facilities provided in campground and 

break down fences. Landscaping de¬ 

velopments at headquarters areas and 

around residences are sometimes de¬ 

stroyed or damaged. 

Is grazing in national parks vital to 

national welfare? The Secretary of 

the Interior has reaffirmed the ever 

strengthening policy of eliminating 

grazing from the national parks and 

monuments. It is the conviction of the 

National Park Service that the people 

-of this Nation desire to retain the na¬ 

tional parks in their natural condition. 

Further extension of grazing, therefore, 

will be prohibited unless and until this 

war makes grazing in these areas vital 
to the national welfare. If that time 

comes, the people will know that there 

is no alternative and that the sacrifice 

will have to be made in aid of winning 

the war. 

On March 3 a noted news analyst in 

a radio broadcast interviewed the own¬ 

er of a 40,000 acre cattle ranch in 

Oklahoma. The rancher stated that 

ordinarily at this time of year he has 

8,000 cattle on his lands. This year, 

due to the difficulties of obtaining 

stock to be fattened, only 5,000 head 

are grazing where 8,000 could be fed. 

If this one ranch could be brought up 

to full production, it would take care 

of a notable share of the increase of 
grazing animals that some cattlemen 

believe should be admitted to the 

western national parks. If similar con¬ 

ditions exist on other cattle ranches, it 

seems obvious that the time has not 

come when it is necessary to invade 

the grazing lands of the national parks 

in order that the war may be won. 

BASIC VALUES OF THE NATIONAL 
PARKS 

For centuries Americans were so 
concerned with the exploitation of 
natural resources that little thought 
was given to preserving any remnants 
of them. Neither sentiment, thrift, nor 
scientific approach influenced this self¬ 
ish utilization. Finally the nation 
awakened to the realization that its 
successful exploiters had displayed no 
great vision. 

True conservation programs, with a 
few exceptions, had their beginnings 
during the lifetime of most of us pre¬ 
sent here, so recently have we come to 
look back upon primitive America as 
something to be cherished. The pre¬ 
servation of primitive areas had its 
beginning in America when in 1864 a 
few far-seeing Californians obtained 
Federal action in reserving Yosemite 
Valley and the Mariposa Grove of Big 

Trees as a State park. Yellowstone be¬ 
came the first national park in 1872. 
Twenty years elapsed before other 

areas were recognized as worthy of 
similar preservation, and yet another 
quarter of a century passed before a 
program of organized park protection 
under a National Park Service was in¬ 
stituted in 1916. 

The infant bureau of parks weather¬ 
ed the stormy years of the first World 
War and emerged thereafter with a de¬ 
fined policy of administration. The 
basic rules of management were de¬ 
veloped then and have proved to be 
dependable in translating policy into 
intelligent administrative action. In 
the years that followed World War I 

the interest of Americans focused upon 
the national parks and monuments 

especially as vacation spots, and—as I 
have already indicated—in some of 

them the recreational use has taxed 
all facilities. To a multitude of vaca¬ 

tionists the parks have become known 
as “the pleasuring grounds of America.” 

It is obvious that the parks and 
monuments have a basic value that far 
exceeds their playground qualities. In 
order that the National Park Service 
might appraise park values and review 
Service functions it has prepared an in¬ 
ventory of assets as they relate to 
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public use. In the master plan of each 
park and monument appears a concise 
statement of those features or values 
which distinguish the area. The inven¬ 
tory, or “interpretive statement” is 
more than a listing of principal fea¬ 
tures; it is an analysis of the record 
of inspirational and recreational exper¬ 
iences enjoyed by visitors. These 
analyses point to the fact that the im¬ 
portant values of the National Park 
System are found in its capacity to 
stimulate national pride in and under¬ 
standing of our natural heritage and 
cultural tradition; they high-light the 
fact that the significant use of the so- 
called “pleasuring-grounds of the peo¬ 
ple” embodies much that the nation is 
fighting for in the present war for liber¬ 
ty, and they emphasize the necessity of 
active guardianship on the part of all 
conservationists. National park cham¬ 
pions must accept responsibilities to 
coming generations. They cannot com¬ 

promise in their leadership in order to 
gain doubtful advantages. During the 

ordeal of all-out warfare the National ; 
Park Service more than ever before 
needs the help of conservationists. The j 
Service functions as trustee, not as ;; 

landlord. Conservation organizations 1 
must play a role in the exercise of that 
trusteeship. Their thought must con¬ 
tribute now to the guidance that is so 
necessary to the intelligent weighing of j 
national values. 

The very background of American 
character is reflected in the landscapes 

of the national parks, and the march of ! 
freedom in the United States is vividly 1 
portrayed in the historic areas cared 1 
for by the Service as shrines of cul¬ 
ture and national progress. They are j 
tangible symbols of democracy and 
they must not be sacrificed, even in 

part, until it is shown that their ma¬ 
terial resources are essential to victory. 



rHE BENEFITS AND DANGERS OF OUR NATURAL HERITAGE 
Edson S. Bastin 

Department of Geology and Paleontology, The University of Chicago 

At a time when so many of our na- 
ural resources are strictly controlled 
w rationing and other restrictive 
neasures it is of interest to consider 
;ome of the causes that make such 
control necessary and to inquire wheth¬ 
er all restriction can safely be aban¬ 
doned when the war is over. 

From the human standpoint the plant 
and animal resources are the most im¬ 
portant, for on them man is dependent 
for the most fundamental necessities of 
life—food and clothing. Throughout 

most of human history they have been 
man’s only resources. Because re¬ 
sources of this sort are renewable year 
after year or generation after genera¬ 

tion, because they can be moved from 
one part of the world and made to 
flourish in another, and because they 
can be improved by plant and animal 
breeding, they present on the whole 

; less serious economic problems than 

the mineral resources. 

Our mineral resources are not re¬ 
newable. The few that are increasing 
today are forming at a rate so slow 
as to be of no consequence in terms of 
human needs. They cannot be trans¬ 
planted to grow in new environments. 
They are exhaustible—in fact, many 

of them have already been exhausted 
the gold and silver of Mark Twain’s 
Virginia City in Nevada, and most of 
the silver and the oil of Old Mexico. 
Yet it is the mineral resources that 
peculiarly give character to modern 
life and stamp it as radically different 
from life in the days of Washington or 
even Lincoln. Eighty-four percent of 
the freight carried on our railroads in 
1940 was a product either crude or 
fabricated of our mines and quarries, 
and this freight was carried mainly m 
steel and hauled by steel locomotives 

powered by mineral fuels. 

With the comforts and other benefits 
that mineral resources have brought us 
have come also perplexing and often 
dangerous difficulties for nature has 
distributed the mineral resources very 
unevenly over the globe, and man has 
drawn his political boundaries with 
little regard to that distribution. 

Mineral resources have played an 
important role during the past seventy 
years in wars and less serious inter¬ 
national disputes, and in the present 
war the many and varied methods 
applied for the control of mineral re¬ 
sources serve to etch into relief their 
great significance in world affairs. 
Domestic adjustments have included 
the feverish search for new deposits 
and the accelerated development of 
old ones, restriction of consumption to 

uses that are essential, the use of sub¬ 
stitute mineral resources, and the de¬ 
velopment by the chemist of synthetic 
products to take the place of natural 
resources. Foreign arrangements with 
a view to insuring adequate mineral 
supplies have included military con¬ 

quest—the favorite method of. the 
Axis powers, military alliances, econ¬ 
omic pressure, purchase of unneeded 
supplies to prevent them from falling 
into enemy hands, the accumulation of 
stock piles, exploration and develop¬ 
ment of foreign deposits to augment 
domestic supplies, lend-lease aid and 
the removal of tariff and other trade 
barriers between friendly nations. 

What philosophy shall we build up 
with respect to natural resources in 
anticipation of the return of peace? 
Certainly a better philosophy must 
be found than the Axis philosophy of 
self-sufficiency through conquest, if 

we are to pull up by the roots the 
causes of this war and the potential 
causes of future wars. Our philosophy 

[271 
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must not be for ourselves alone for 
the problems of natural resources are 
global in extent and they must be met 
by policies global in their scope. 

A philosophy for the peaceful de¬ 
velopment of the world’s resources for 
the benefit, not of a few countries but 
of all, must face in exactly the opposite 
direction from the Axis policy of self- 
sufficiency by conquest. It must re¬ 
cognize in the natural haphazard dis¬ 
tribution of resources and particularly 
of mineral resources, nature’s solemn 
mandate that this wealth is for the 
world—not merely for the stronger 
nations. It must recognize that not 
even the country in which these re¬ 
sources occur, has exclusive rights to 
them but instead is their trustee, obli¬ 
gated to share with other countries 
either the resources themselves or the 
products made with their aid. 

If for the future we must erect guid¬ 
ing principles to combat and to replace 
those that have wrought so much harm, 
it is equally essential that these prin¬ 
ciples be translated into action through 
procedures planned with the utmost 
care. There will be no simple formulae 
for such procedures because different 
problems will have to be met in differ¬ 
ent ways. The principle of trusteeship 
implies easy access to raw materials, 
and this means open doors and lowered 
trade barriers. Between the two 
World Wars restrictive measures rather 
than the removal of barriers was the 
rule, with disastrous results. The war 
powers granted to our President to 
lower trade barriers between allied 
countries is perhaps illustrative of what 
may be necessary on a wider scale 

after the war, though such adjustments 
probably should not be inflexibly ap¬ 
plied. 

In such political units as the United 
States and the British Empire, which 
possess abundant raw materials and 
highly developed industries, great pres¬ 
sure may be expected to restore old 
trade barriers or to erect new ones . 
after the war. It is these very coun¬ 
tries, however, that will have to take ; 
the initiative, if a new economy of 
natural resources is to be established. 
From us and from our British allies 
will have to come the will to fight 
reactionary policies with fearless cour¬ 
age, the vision to initiate equitable 
methods for the distribution of natural 
resources and the cooperative spirit 
that will draw all other nations as 
promptly as possible into such efforts ! 
for the common welfare. The rewards j 
of such efforts will be inestimably 
great in terms of international good 
will and world security. 

The problems of raw materials will i 
be particularly urgent and difficult 
when the war controls under which 
most of the world’s commerce is now 
conducted, are suddenly removed and 
the needs of rehabilitation and relief 
become acute. Some international 
agency for economic control should be 
ready to function constructively in that 
emergency and to forestall a return 
either to dangerous restrictive meas¬ 
ures or to the equally dangerous policy 
of laissez faire. The functions of such 
a body should, however, be permanent 
and should be continuously applied to 
the great and ever-changing task of 
adjusting world resources to world 
requirements. 
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MEMOIRS 

WILLIAM SHIRLEY BAYLEY* 

1861-1943 

When the late William Shirley Bay- 
ley, Professor of Geology, Emeritus, 
University of Illinois, graduated from 
the Male High School of the City of 
Baltimore at the age of seventeen, he 
was the recipient of a prize given by 
the Peabody Institute of the City of 
Baltimore “for fidelity to his studies 
and attainment therein, for correct 
moral deportment and personal habits, 
and for propriety of manners”. A more 
accurate characterization of him could 
scarcely be written now. Some elab¬ 
oration of his life, however, is quite 

appropriate. 

He was born in Baltimore, Maryland, 
November 10, 1861, the son of Robert 
P. and Emma Downing Bayley. On his 
father’s side the family was of old 
Irish ancestory, and resided at Cross¬ 
harm, Ireland. On his mother’s side, 
the family was English dating back to 
Stephen Williams of Great Yarmouth, 
County Norfolk, in the 16th century. 
In 1637, Robert Williams, of the eighth 
generation removed, emigrated to Mas¬ 
sachusetts, and subsequent members of 
his lineage filled places of trust and 
distinction in colonial affairs. 

From high school young Bayley en¬ 
tered the Johns Hopkins University 
with a view to becoming a chemist but 
he found increasing interest in the new 
and growing science of geology which 
offered opportunities for young men in 
both the field and the research labora¬ 
tory. One time he tried to help his 
father out in his business of importing 
china, when his father was stricken 
with paralysis, but business life did not 
appeal to him and he returned to his 
studies. Receiving his A.B. in 1883 he 
continued his post-graduate studies, 
was awarded a fellowship in 1885-86, 
and received his Ph.D. degree in 1886. 

* Prepared for publication in Science and in 
the Transactions of the Illinois State 
Academy of Science. Published in Science, 
N. S., Vol. 98. No. 2537, Aug. 13, 1943. 

William Shirley Bayley 

From 1888 to 1904 he served as Pro¬ 
fessor of Geology at Colby College 
where his popularity as a teacher and 
his devotion to research made him an 
inspiring faculty man. Among his 
students was the young George Otis 
Smith, who later became Director of 
the U. S. Geological Survey. In tribute 
to Professor Bayley’s teaching, Dr. 
Smith relates in the March 1942 issue 
of the Colby Alumnus that in a Johns 
Hopkins laboratory in the course of 
his graduate work, a debate among the 
graduate students was closed by one 
of them remarking: “It isn’t that ‘G.O.’ 
learned more geology in college than 
we did, but he didn’t learn so much 
that wasn’t so.” 

After teaching two years at Lehigh 
University, Professor Bayley was invit¬ 
ed by President Edmund Janes James 
to come to the University of Illinois in 
1906 where, from Assistant Professor 
of Mineralogy and Economic Geology 
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he rose to Professor of Geology in 1913 
and Head of the Department in 1928, 
in which capacity he served until his 
retirement in 1931 with the designation 
of Professor Emeritus, thus completing 
twenty-four years of highly creditable 
service to the University. As a junior 
member of the Department from 1919 
to 1923, the present writer came to 
recognize his thorough-going teaching 
and his challenging attitude toward his 
students in stimulating their devotion 
to the highest ideals of science. Twenty 
years more of association with him 
personally and professionally made in¬ 
delible these impressions of his critical 
guardianship of science. 

But Professor Bayley was not only 
a teacher and a critic. He was a re¬ 
search investigator and writer of great 
merit. For many years he devoted his 
summers to intensive field work. Estab¬ 
lishing an early connection with the 
U. S. Geological Survey as assistant 
geologist and later as geologist he did 
a great deal of work on the pre-Cam¬ 
brian rocks and iron ores of the Lake 
Superior region in northeastern Min¬ 
nesota and in northern Michigan. 
Many articles came from this work as 
it progressed, nine of them within six 
years, besides a continued series of 
five articles on the basic massive rocks 
of the Lake Superior region. Then 
came two extensive reports as junior 
author with Professor C. R. Van Hise 
on the Marquette iron-bearing district 
of Michigan in 1895 and 1897 and a 
monograph under his own authorship 
on the Menominee iron-bearing dis¬ 
trict of Michigan in 1904, besides more 
papers of increasing significance, in¬ 
cluding one on the water resources of 
Maine and two geologic atlases of areas 
in Michigan and New Jersey, which 
were in joint authorship with Van Hise 
and N. H. Darton, respectively. Seven 
other notable publications punctuated 
a total of forty-one scientific entries, 
ninety-seven book reviews and three 
text-books in his labor-won biblio¬ 
graphy. The scope of his work embraced 
mineralogy, petrography, areal geol¬ 

ogy, underground waters, economic 
geology, metalliferous deposits, clays, I 
and the history of geology, which was j 
in widely distributed areas—Maine, 1 
New York, New Jersey, Birmingham, j 
North Carolina, Tennessee, Georgia, 1 
Texas, Minnesota, Michigan, and Can- I 
ada. He was also connected at one time I 
or another with the state geological 
surveys of New Jersey, North Carolina, ? 
and Tennessee. 

Some of his life’s energies were also j 
devoted to certain scientific journals, 
for he was associate editor of American j 
Naturalist, 1886-87, reviewer for Neues | 
Jahrbuch fur Mineralogie, Berlin, 1890- 
1908; and business editor of the Journ¬ 
al of Economic Geology, 1905-42. He j 
was honored by being made councilor 
of the Mineralogical Society of Ameri¬ 
ca, 1931-34, and its president in 1936; 
councilor of the Geological Society of 

America in 1919 and 1937, and a vice- 
president in 1936; and councillor of the 
Society of Economic Geologists, 1925- 
27, and vice-president in 1932. He was 
also faithful to promoting interest in 
science in his state of adoption and was 
honored with the presidency of the 
Illinois Academy of Science in 1922-23, 
during which office he sponsored the 
organization of a Junior Academy of 
Science for high school students. He 
was always solicitous in safeguarding 
the educational interests and standards 
of the University of Illinois and served l 
on important and influential commit¬ 

tees. In recognition of Professor Bay- 
ley’s scientific attainments and of his 

devotion to his alma mater he was 
selected by the Johns Hopkins Univer¬ 
sity as a representative of its scientific | 
alumni on the occasion of the celebra¬ 
tion in 1927 of its fiftieth anniversary. | 

Although his death on February 13, 
1943, is a real loss to science, all of us 
who knew him well and the many who i 
knew only his work must feel a deep ! 
sense of gratification and inspiration 
in a life so full, so exemplary, and so I 
richly productive. 

M. M. LEIGHTON 
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CHARLES JOSEPH CHAMBERLAIN 

1863—1943 

Professor Chamberlain died on Jan¬ 
uary 5, 1943 at his home in Chicago 
after a short illness. His passing marks 
the passing of the last of those who 
pioneered in establishing the Depart¬ 
ment of Botany at the University of 

Chicago. 

Charles Joseph Champerlain was 
born February 23, 1863 on a farm at 
Sullivan, Ohio, where he spent much of 
his boyhood. As he had joined a coun¬ 
try band he decided to be a musician 
and as a preparation for the Oberlin 
Conservatory, he entered Oberlin High 
School in 1881. Upon graduation, how¬ 
ever, he proceeded with the classical 
course at Oberlin College, receiving 
the A.B. degree in 1888. After teaching 
for a time in high schools, he entered 
the recently organized University of 
Chicago in 1893. Before receiving the 
Doctor’s degree in 1897, he became 
Assistant in Botany and remained con¬ 
nected with the Department of Botany 
until his death. He was made Professor 
of Plant Morphology and Cytology in 
1915 and Professor Emeritus of Botany 
in 1929. During 1901-02 he studied with 
Professor Strasburger at the University 
of Bonn, Germany. In 1923 Oberlin 
College conferred on him the degree 
of Doctor of Science and he was an 
honorary member of many European 

botanical societies. 
A fellow of A.A.A.S. in 1923 he was 

Vice President and Chairman of the 
Botanical Section of that Society, and 
in 1931 he was President of the Botani¬ 
cal Society of America. He was also a 
Life Member of the Illinois Academy of 
Science. For many years he was 
American editor for Botanisches Zen- 
tralblatt and an Associate Editor of the 
Botanical Gazette. 

His best known book is “Methods in 
Plant Histology”, still the standard 
text of its kind, which first appeared 
in 1901 and was revised through five 
editions to 1932. His “Elements of 

j Plant Science” (1930) has been trans- 
I lated into Spanish at Buenos Aires, 

and his other books include “The Liv¬ 
ing Cycads” (1919), and his mono¬ 
graph on the Cycads was unfinished 

Charles Joseph Chamberlain 

at his death. In collaboration with Prof- 
fesor John M. Coulter he also wrote a 
series of morphologies of the seed 

plants. 
His Botanical researches were very 

numerous especially among the cy¬ 
cads. He made four trips to Mexico 
which resulted in the discovery of 
many new localities in which cycads 
grow. For the same reason he visited 
Cuba in 1914 and again in 1922. His 
longest excursion for these remarkable 
plants was in 1911-12 to New Zealand, 
Australia and South Africa. Collections 
resulting from these travels have given 
to the University of Chicago the most 
extensive and complete assemblage of 
these plants ever brought together. 

Not only his family, but his wide 
circle of friends and colleagues, will 
miss him. His former students, now 
found in Universities and research in¬ 
stitutions throughout the world, grate¬ 
fully remember his kindly but critical 
advice. His passing is a deep personal 
loss to all of us. 

GEORGE D. FULLER 
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WILLIAM ALBERT NOYES* 

1857-1941 
t 

William Albert Noyes was born in 
the country near Independence, Iowa, 
November 6, 1857. His family, of New 
England Congregational stock, lived 
under pioneer conditions not favorable 
to the study of chemistry and physics; 
nevertheless as a boy he managed to 
get hold of some scientific books and 
became interested in these subjects at 
an early age. He studied at Grinnell 
College and graduated with A.B. and 
B.S. degrees in four years in spite of 
teaching school each winter to pay ex¬ 
penses. Much of his graduate work at 
Johns Hopkins University was done 
while carrying a full teaching load and 
he received his doctor’s degree in 
chemistry before reaching the age of 

twenty-five. 

Such unremitting labor was charac¬ 
teristic of Dr. Noyes throughout his long 
life. During a year as instructor at the 
University of Minnesota he performed 
much analytical work for the State 
Geology Survey (just as he did later 
in Indiana) and began original research 
of his own. The research was continu¬ 
ed at the University of Tennessee, 
where he was professor from 1883 to 
1886. A seventeen-year period followed 
at Rose Polytechnic Institute, a small 
school of high grade. In spite of a 
heavy teaching load, he attracted the 
attention of the chemical world by his 
researches and his books. 

From Rose he stepped in 1903 to the 
position of chief chemist of the Bureau 
of Standards (the first to hold that 
title), and from there to head of the 
department of chemistry of the Uni¬ 
versity of Illinois, where he served 
with distinction from 1907 to 1926, 
becoming then professor emeritus. 

His pathway has been strewn with 
well-deserved honors; presidency of 

* Excerpts from Science, N. S., Vol. 94, No. 
2447, Nov. 21, 1941. 

the Indiana Academy of Science (1894), 
vice-presidency of the American As¬ 
sociation for the Advancement of 
Science (1896), presidency of the Am¬ 
erican Chemical Society (1920); degrees 
from Clark in 1909, Pittsburg in 1920, 
and Grinnell (his alma mater) in 1929; \ 
memberships in the American Acad- | 
emy of Arts and Sciences, the National j 
Academy of Sciences, the American i 
Philosophical Society; the Nichols i 
medal (1908), the Willard Gibbs medal , 
(1920), the Priestley medal (1935). 

He was secretary of the American , 
Chemical Society from 1903 to 1907, j 
editor of the Journal of the American 
Chemical Society from 1902 to 1917, 
editor of Chemical Abstracts from its 
beginning in 1907, to 1909, editor of 
Chemical Reviews from 1924 to 1926, 
and editor of the Scientific Series of 
American Chemical Society Mono¬ 
graphs from 1919 to the time of his 
death. Since 1917 he had been secre¬ 
tary of the Illinois State Board of j 
Natural Resources and Conservation. 

His personal character is a key to all 
that he accomplished. One would judge i 
from his life that genius is fine intellect 
with capacity for a tremendous amount 
of hard work. He was first of all 
a scientific thinker, less affected than ; 
most by emotion or selfish bias, and 
utterly unassuming. He was a hard, i 
persistent fighter for whatever he 
thought was right, and he was right ! 
most of the time. Unusual patience, i 
earnestness, and the force of example < 
contributed to his success as a teacher. 
The fabric of Dr. Noyes’ achievements 
was shot through with loyal friend¬ 
ships and strong humanitarian sym- j 
pathies. Perhaps his deepest interest i 
was religion—a liberal faith which he 
felt to be in harmony with scientific 
truth and at the same time a vital 
faith, something to be lived. 
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HERMAN SILAS PEPOON 

1860 - 1942 

Thousands of students have enjoyed 
id profited by contact with Dr. 
spoon. He transformed any group, 
most immediately, into one of 
oughtful, good natured spirit. Born 
muary 21, 1860 of George W. and 
ary (Abbey) Pepoon, he graduated 
om the University of Illinois with 
e class of 1881, and two years later 
aduated in medicine. Later he mar- 
sd Alma A. Wilcox of Chicago (died 
>93), and to this union were born his 
ree children, Rudolph S., Lucile 
urse, died in France during first 
orld War), and Mrs. L. Constance 
ackley. He married Helen S. Foberg 

1900 (died 1931). 

Dr. Pepoon’s great love for young 
jople and for their association led 
m to leave the work of practising 
lysician in 1892 and become a teacher, 
i had carried on as a physician in Neb- 
ska and in Lewistown, Illinois for 
ght years. Joining the faculty of Lake 
lew High School, Chicago, he con- 
lued as teacher of boys and girls, first 
all, as well as the biological sciences. 

He was a life member of the Illinois 
cademy of Science, in which he was 
try active for many years. During 
ids time, he was chairman of the 
>tany section, vice-president (1914) 
id treasurer during 1916 and 1917. 
mong the numerous papers delivered 

meetings of the State Academy are 
e following: “Cliff Flora of Jo Daviess 
Dunty,” in vol. II, 1909; “The Forest 
ssociations of Northwestern Illinois,” 
>1. Ill, 1900; “The Primrose Rocks of 
tinois,” vol. X5 1917, and “Peculiar 
ant Distribution,” vol. IX, 1916. Dur- 
g his most active years in the Illinois 
cademy of Science work, he was 
ember of the Committee on Conserv- 
ion of Wild Life 1918-1919, member 

Committee on Ecological Survey 
14, 1921-1922, and of the High School 
:ience Clubs committee, 1920-1921. 

Among the important clubs he organ- 
id and led should be mentioned the 
licago Nature Study Club. In groups 

from 20 to 200 he conducted the 
embers on field trips throughout the 
licago area. During these years he 

Herman Silas Pepoon 

accumulated much of the information 
which he later brought together in 
that classic publication of the Chicago 
Academy of Sciences, “The Flora of the 
Chicago Region.” 

Among the major interests, through¬ 
out his life, was the preservation of 
Apple River Canyon as a state park. 
In this region he spent much of his 
boyhood and here developed a lifelong 
love for botany. On the walls of the 
Apple River Canyon he found an un¬ 
usual plant, the dwarf Canadian prim¬ 
rose, Primula mistassinica Michx. 

In the later years of his life, he 
travelled throughout the state record¬ 
ing and cataloging plants for the Illi¬ 
nois Natural History Survey. 

In his every undertaking, constant 
devotion and untiring energy were his 
priceless contributions. This he com¬ 
bined with the ability to inspire his 
co-worker to great industry by a deep 
and lasting interest in every detail of 
each project. 

VERNE O. GRAHAM 
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HARRIET S. STRONG 

1880 - 1942 

Harriet S. Strong, was born to 
Francis S. Strong and Hannah Perkins 
Strong in Downers Grove on Novem¬ 
ber 5, 1880. Their farm was part of a 
thousand acre tract of land that had 
been homesteaded in 1836 by Eliphalet 
Strong and Horace Dodge. Harriet’s 
mother was a devoted student of na¬ 
ture and possessed an inexhaustible 
supply of nature lore. She was educa¬ 
ted in early academies of the east and 
taught in private and public schools 
for several years prior to coming west. 
Hannah Strong arrived in Downers 
Grove, Illinois, in 1869, coming west 
to visit her aunt Mrs. Eliphalet Strong. 
Here she met her husband, who was a 
step son of her aunt. Harriet wrote 
of her mother “she had one outstand¬ 
ing trait, a sweet and simple trust in 
God.” This trait was inherited by her 

daughters. 

Harriet had three main traits,—a 
beautiful Christian faith, a love of 
history and books, and an understand¬ 
ing of the subjects to which she dedi¬ 
cated her life, botany, biology, and 
English. She prepared for college in 
local schools, and in 1905 was gradu¬ 
ated from Northwestern University. 
Later she received her master’s degree 
from that university. She spent many 
years teaching in Ohio, Indiana, Michi¬ 
gan, and other places. She also taught 
at Wheaton College and at North 
Central College at Naperville. Her 
travels took her to many parts of the 
United States and included a trip to 
Europe and Palestine. These exper¬ 

iences gave her a background for 

writing and she became a contributor 

to many newspapers and magazines. 

Only a few of her best friends knew of 
her poetry which embodied under¬ 
standing interpretations of nature’s 

secrets. 

Harriet was always interested in 

civic affairs, and spent much time in 
service to her church and community. 
She especially emphasized the fact that I 
women had a contribution to make in 
the planning and growth of the new 
America. She served as president of 
the local League of Women Voters, and 
her interest and work were extended 
to the state program. She was very 
active in the program of the Downers 
Grove Woman’s Club, serving as chair¬ 
man of the art and literature commit¬ 

tee for years. 

Her training and environment gave 
her an interest in research, and she* 
made a life study of wild flowers and 
weeds. One of her outstanding poems 
was entitled “Grasses”. She had a 
unique theory that Nature was a great 
experimenter, always busy extending: 
and completing her work. During her 
later years she planned a wild flower 
garden at home where she spent many 
hours watching her plants and charting 
their development. Her favorite rec¬ 
reation was visiting the woods and 
studying plants in their natural habitat. 
One of her contributions to the local 
newspaper was called “God’s Experi¬ 
mental Gardens”. 

Harriet passed away October 6, 1942. 
She had enriched the lives of many 
children in Downers Grove by taking 
them for trips in the forest preserve 
and to the arboretum and Lyman 
woods, with which she was very 
familiar. She inspired every one she 
knew with an interest in the conserva¬ 
tion of wild life and the study of wild 
flowers, birds, and animals. Downers 
Grove had reason to be proud ol 
Harriet and there were many to mourn 
her loss. She and her sister Elizabeth 
with whom she lived had spent many 
hours in their own garden as well as 
in the woods which surrounded the 
village of Downers Grove. 

ALICE M. PAINE 
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Papers in Agriculture 

From the Report of the Section Chairman 

Nine papers were presented at the Jacksonville meeting, eight of 
which are herewith published. The other was: 

Badger, C. J., Meeting wartime production while maintaining fer¬ 
tility in southern Illinois. 

The meeting was attended by nineteen. 

C. J. Badger, Agronomy Department, University of Illinois, Urbana, 
was elected chairman for the 1943-44 meeting at DeKalb. 

(Signed) 0. L. Whalin, Chairman 
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AGRICULTURAL EXTENSION PROGRAM 
MEETS WARTIME NEEDS 

W. F. COOLIDGE 

Farm Adviser, Morgan County, Illinois 

UKJVERSiTY OF H 
Introduction 

As early as 1836 the United States 
Government began to take an interest in 
the development of agriculture. In 1862 
a Bureau of Agriculture was established 
as a part of the Department of the In¬ 
terior. From then on, many bureaus 
were organized from time to time, agri¬ 
cultural colleges were sponsored by land 
grant aids and federal funds, and agri¬ 
cultural experiment stations were estab¬ 
lished. 

The agricultural experiment stations 
have conducted scientific experiments in 
the interests of agriculture, horticulture, 
and dairy in every state and in the terri¬ 
tories. They have experimented with 
fertilizers and soils, improved varieties 
of grain and fruits and also breeds of 
livestock, studied the habits and means 
of destroying noxious insects and investi¬ 
gated diseases of domestic animals and 
means for their prevention and cure. 

Up to 1914 the local educational pro¬ 
gram was carried on by farmers’ insti¬ 
tutes, household science groups, and 
schools. Assistance has been given by 
men from the experiment station and 
the college of agriculture. 

In 1914 the Smith-Lever Act was 
passed, giving the Extension Service the 
right to cooperate with the states and 
counties the opportunity to organize ag¬ 
ricultural education agencies to be placed 
in charge of county agents or farm ad¬ 
visers. Later home advisers or home 
demonstration agents were added, and 
adult education for women was thus 
established in many counties. Funds 
were to come in part from the Federal 
Government, in part from the State, and 
in part from the county. In Illinois the 
cooperating agency is the Farm Bureau 
and the Home Bureau. 

Morgan County 

During World War I the county farm 
bureaus were organized rapidly in Illi¬ 

nois. Morgan County was organized 
December 26, 1917, when the following 
purposes were outlined at the meeting 
of the executive committee: 

1. To increase crop production. 
2. To facilitate efficiency. 
3. To raise better livestock. 
4. To eliminate leaks in the business 

of farming. 
5. To get acquainted and to get farm¬ 

ers acquainted with one another. 
6. To work for better records. 
7. To organize 4-H clubs for boys and 

girls. 

The work progressed along these lines 
until the “great depression,” when farm¬ 
ers were having a hard time to get ade¬ 
quate prices for their produce. At this 
time a program was worked out seeking 
improvement of conditions on the farm. 
Chief needs were more efficient crop rota¬ 
tions and a livestock program that would 
yield top-price livestock with a minimum 
amount of feed. Through the efforts of 
the agencies and helped by the Agricul¬ 
tural Adjustment Act the farmers start¬ 
ed back to more normal conditions. Other 
helpful agencies developed at this time 
were the Credit Association, the Com¬ 
mercial Loan Company, the Federal Land 
Bank, and the Farm Security Adminis¬ 
tration. 

Extension Service Program 

The parent organization, the Extension 
Service, the oldest established agency and 
a strictly educational institution, contin¬ 
ued its program of bettering conditions 
through concrete demonstrations on 
farms and through the experiments car¬ 
ried on at the experiment field, at the 
State University and the Experiment 
Stations. These demonstrations and ex¬ 
periments fitted into the agencies’ pro¬ 
gram of agricultural improvement seek¬ 
ing profitable incomes for all farmers. 

At the beginning of the war a 12-point 
program was developed, prime objective 
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of which was to keep the farmers in¬ 
formed not only regarding agriculture 
but also the affairs of the world and the 
war. 

1 Farm machinery.—At the start of the 
war the farm machinery program was 
quickly seen to be vital to increased pro¬ 
duction. County surveys were made to 
see what machinery was available, what 
repairs were necessary, and what ma¬ 
chinery could be obtained. Each farmer 
was urged to repair his machinery and to 
keep it in good repair so that it would 
last. This program did much to assist 
farmers in planting and harvesting their 

crops on time. 

2 Wartime educational program.—The 
County Agent and the Home Demonstra¬ 
tion Agent act as chairman and co-chair¬ 
man of the county wartime educational 
program. A county committee of home 
makers and farmers met to decide on 
the program to be followed. The 208 
chairmen and co-chairmen representing 
the 104 school districts have assisted in 
distributing information on the war, on 
soil improvement, crop improvement, ma¬ 
chinery repair, animal disease control, 
inflation, and many other subjects that 
would assist farmers in better under¬ 
standing what was going on. 

3 Labor.—The chairman of each school 
district was also made chairman of the 
labor committee. He registered all farm¬ 
ers who needed farm labor in the area 
and also registered boys who were willing 
to work on farms in other localities. 
This information, handled through the 
Extension Service and the U. S. Employ¬ 
ment Service, assisted many farmers in 
getting farm hands. 

4 4-H Clubs.—A special effort was 
made to organize a 4-H Club in each com¬ 
munity. Any boy or girl between the 
ages of 10 and 20 is eligible to become a 
member. Approximately 800 boys and 
girls are now enrolled in the 4-H clubs 
of the county, all contributing something 
to the war effort. One of the outstand¬ 
ing programs is the work program in 
which the boys and girls are given credit 
for their activity on the farm rather than 
for carrying out a particular project. 

Boys and girls are also investing 
money in war bonds and are buying an 
ambulance. 

5 Soil improvement.—The Extension 
Service has cooperated with the Soil Con¬ 

servation Service and the A.A.A. in giv¬ 
ing farmers more definite information on 
contour-farming and strip-cropping in 
order to save moisture and to save wear 
and tear on machinery. Through the Ex¬ 
tension Service a free test of soil is given 
all farmers bringing their samples to the 
office, so that they will know how much 
limestone and rock phosphate are needed. 
Assistance has been given farmers in ob¬ 
taining limestone from the best sources 
available. Limestone is purchased on its 
merit as to the percentage of calcium 
carbonate equivalent that it contains. 

6 Crops.—Through the field tests car¬ 
ried out in the county we have been able 
to pass on to the farmers of the county 
the names and numbers of the best types 
of hybrid corn that can be planted. We 
are also experimenting on the crops that 
are resistant to various insects, such as 
the European corn borer, chinch bugs, 
root worms, and others. This information 
is compiled not only from our own county 
but also from our experiment stations 
and from the State experiment station. 

7 Gardening.—Victory gardens are the 
result of much information being given 
the farm people on the planting, cultiva¬ 
tion, and care of vegetables. Information 
available includes varieties of beans, 
peas, salad crops, and the vegetables that 
are the best producers, the most resistant 
to disease, and that can be best stored 
under the various storing conditions. 

8 Transportation. — Information meet¬ 
ings have been held regarding conserva¬ 
tion of transportation facilities with re¬ 
lation to getting livestock to market, thus 
saving rubber, wear and tear on trucks, 
and labor. In this way excess trips to 
markets are cut down. 

9 Disease control. — Disease control 
methods are passed on to the farmer 
through the newspapers, meetings, over 
the radio, and in local publications. 

10 Insect control.—From the State En¬ 
tomologist comes information on the var¬ 
ious insects that damage crops. Many 
inquiries are answered as to when to 
plant, what crops to plant, and what to do 
to prevent serious damage when the crop 
is growing. For example, there are three 
methods of combatting the European 
corn-borer—(1) carefully plow under all 
refuse; (2) plant corn that is resistant 
to the borer; and (3) plant late enough 
so that the early brood is out of the way. 

Other insects that harm crops are the 
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chinch bug, grape colaspsis, cut worm, 
leaf hopper, grasshopper, Army worms, 
blister beetle, potato beetle, to mention a 
few. Methods of control, if properly 
applied, save much expense. 

11 Poultry.—Poultry production is an¬ 
other program. Methods of feeding to 
increase production of eggs and meat as 
well as methods of controlling disease 
and parasites are given through the 
press, radio, and meetings. Plans are 
available for houses, brooders, and feed¬ 
ers, all of which may be built by the 
farmer at a nominal cost. 

12 War Board.—The Extension Serv¬ 
ice is represented on the agricultural 
War Board and is active in discussions 
that have to do with agriculture. 

Home Extension work.—The Home Ex¬ 
tension work has as its long-time objec¬ 
tive the home security through conserva¬ 
tion of material resources on the farm 
in helping to win the war. 

Since the war began, the county nutri¬ 
tion committee, with the county Home 
Adviser as chairman, has distributed 
health and nutritional information as 
well as teaching the various methods 
of food preservation such as canning, 
freezing, salting, and drying. The plant¬ 
ing, use and preservation of more home¬ 

grown foods is encouraged by the home¬ 
grown health program. More than 1400 
home makers have had instruction re¬ 
garding the importance of better eating 
habits and better health, and the preven¬ 
tion of the common cold as related to 
nutritional practices. 

Since prices have risen, more home 
sewing is being done. Home makers are 
being taught that care and repair of 
their present supply of clothing is im¬ 
portant in the saving of fabric and tex¬ 
tile supplies, all in line with the war 
effort on conservation. 

In the last analysis, there is no phase 
of the agricultural educational program 
or the home makers program that is not 
being presented to more than 2,000 farm 
families in the county by the Extension 
Service. The Extension program may 
not have definite information nor specific 
examples to answer all questions but 
it is ready and willing to help whenever 
possible. The program will certainly help 
to win the war and to do a better job 
in writing the peace. 

The sole aim of the Extension Service 
in the county is to give to the adults and 
to those not in school information that 
will help them, that may be used in a 
practical way, and that will have a last¬ 
ing influence on the future development 
of agriculture in Morgan County. 
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WOOD HELPS WIN THE WAR 
J. E. Davis 

University of Illinois and State Natural History Survey, Urbana 
Chairman, Illinois Wartime Timber Marketing Committee 

In a state so intensively agricultural 
as Illinois probably the great majority do 
not realize the key position taken by 
wood in the pursuit of our war program. 
Even the three million acres of Illinois 
woodland—only nine per cent of the area 
of the State and less than 0.3 per cent 
of the farm woodland area east of the 
great plains—is so important to the war 
effort that special measures are being 
taken to increase production of our native 
timber and to maintain operation of the 
State’s 1,000 wood-using industries. 

It should be enlightening to review 
some of the facts of the utilization of 
wood in the war. During 1942, about 90 
per cent of the lumber produced in the 
United States went to the war effort. 
There are more than 1,200 different items 
of military and naval equipment that can 
use lumber. Add to this the paper and 
wood for packaging lend-lease, quarter¬ 
master and ordnance supplies, and do¬ 
mestic lumber demands for agriculture 
and war industries, and a total consump¬ 
tion of more than 38 billion board feet is 
built up. In 1941, before the heavy war 
demand, it took more than 36 billion feet 
to approximately meet our requirements. 

Figures on the war requirements for 
strategic materials are usually rather 
closely guarded secrets but early in 1942 
some figures were released that will give 
an insight into the role of wood in war 
now that our war effort is in full swing. 

More than 200,000 defense housing 
units have been built, representing hous¬ 
ing capacity sufficient to take care of the 
combined populations of cities the size 
of Madison (Wisconsin), Fort Wayne 
(Indiana), and Grand Rapids (Michi¬ 
gan). Housing for soldiers in army 
camps requires 1,000 board feet per 
soldier for tent camps and about twice 
that amount for barracks. Many of the 
larger cantonments have required 20 
million board feet of lumber each. 

It has been estimated that lend-lease 
required nearly 10 billion board feet of 
lumber in 1942. How can so much lumber 
be used for this one phase of the war 

effort? We have some information on a 
few lend-lease items for 1941 that will 
show how lumber and other forest prod¬ 
ucts are consumed in such shipments. 

The 1941 shipments of poultry and 
eggs required 90 million board feet of 
lumber, 360 million square feet of veneer, 
and 500,000 tons of paper and fiber 

board. 
Dairy products used 74 million board 

feet of lumber, 2% billion square feet 
of veneer, 60 million barrel staves, 5 
million butter tubs, and 400,000 tons of 

paper and fiber board. 
Fruits and vegetables used IV2 billion 

board feet of lumber, 3 million square 
feet of veneer, 46 million barrel staves, 
and 102,000 tons of paper and fiber 

board. 
These figures cover only a few lend- 

lease items, and are for a period when 
we were far from the height of lend- 
lease shipments and had not yet estab¬ 
lished armies on the world battle fronts 
which have to be supplied primarily by 
shipments from home. There are no more 
recent figures available, but it is easy to 
imagine something of the increase of 
supply packaging problems since 1941. 

The packaging of supplies for war ex¬ 
port is not the simple matter of loading 
ships with foodstuffs in the packages we 
are accustomed to seeing in our local 
groceries, or with uncrated machines as 
we have often seen rolling over the rail¬ 
roads on flat cars. War export items 
must be packaged virtually water-tight 
and in packages substantial enough to 
withstand the roughest conceivable han¬ 
dling conditions. Particularly in the serv¬ 
icing of invasion armies it already has 
proved necessary to dump the entire 
supply into the surf later to be gathered 
on the beach or to be dragged in by 
cables from winches on shore. Such 
problems multiply the lumber, paper, and 
fiber board used for war shipments many 
times over that used for similar items 

in peace time. 
War industries have been enormous 

consumers of wood products and theii 
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demands are increasing. This is due to 
the direct use of wood in war items, the 
substitution of wood or wood products 
for critical metals, and the use of wood 
in crating, car bracing, and dunnage. In 
the case of ammunition, there are more 
than 80 different types of shell boxes 
used for the purpose of retransport. In 
this and in many other types of ordnance 
items various parts are sub-contracted to 
scattered manufacturers and are then 
brought together at one assembly point. 
These parts, many of them of delicate 
precision, must be packed mostly in 
wooden containers to go to the assembly 
plant. 

More than 100 articles normally made 
}f metals can be replaced by wood, and 
:he limits of such substitutions are un¬ 
mown with the new developments in ply¬ 
wood and wood plastics. It is expected 
;hat most of our trainer planes and prob- 
ibly the proposed huge freight planes 
will be built largely of wood. Already, 
;he molded plywoods have proved their 
worth even in battle planes. The newly 
leveloped compregnated wood offers 
strength, hardness, and water resistance 
jqual to some of the metals. 

Going from the air to the sea, water- 
!ront developments for 1942 were esti- 
nated to require 55 per cent more piles 
han were used in the average for the 
.936-40 period. Wooden ship building has 
lad a tremendous revival. Many types 
>f the smaller boats are satisfactory if 
•uilt of wood, and this use of wood re¬ 
eases steel for its more urgent use in 
ombat vessels. White oak is the most 
ommonly used wood for shipbuilding, 
md high-grade white oak is now so badly 
;eeded that by order of the War Produc- 
ion Board it is illegal to manufacture 
/hite oak into furniture veneer or to sell 
3gs for this purpose. Even the great 
battle-wagon” which appears to be all- 
teel is a heavy user of wood, for half 

million board feet of lumber go into 
he armored steel battleship. 

Actually, these are comparatively few 
ses of wood in the war effort, but I 
rant to turn particular attention to the 
lace of Illinois-grown wood in the war 
rogram. Probably the most important 
se of wood for the war in this state is 
ie meeting of domestic requirements in 
ie production, packaging, and shipping 
£ agricultural products. 

There is always an active construction 

program under way in rural Illinois in 
the maintenance and replacement of farm 
structures, and a vastly expanded pro¬ 
duction program meant more construc¬ 
tion for the expansion of housing facili¬ 
ties. Although the building limits per¬ 
mitted for farm construction have been 
fairly liberal, many farmers have found 
it difficult to obtain buildings adequate to 
meet the needs of their production capac¬ 
ity. Here Illinois woodlands come into 
their own. There is no farm construction 
need that cannot be filled by some native 
wood. It did not take farmers long to 
realize that native lumber from their own 
woodlands at a cost of twenty dollars 
a thousand board feet would make a lot 
more building for 1,000 dollars than could 
be built with finished lumber at seventy 
or seventy-five dollars a thousand. So 
far as the application of native woods 
to farm construction jobs is concerned, 
its limitation depends only on the ingenu¬ 
ity of the builder. I recently had a report 
of a corncrib built entirely of willow. 
Willow could hardly be considered a con¬ 
struction timber, but willow was the only 
timber available, and it was made to 
serve the purpose. 

Probably more houses were built for 
farrowing sows this year than ever be¬ 
fore in Illinois history. However, the 
increase in hog houses was not in propor¬ 
tion to the increase in hogs, and it is ad¬ 
mitted that part of the heavy pig losses 
this spring were due to chilling because 
of inadequate housing. More attention 
will have to be turned to proper housing 
in another farrowing season. The old 
gooseberry bush down in the timber just 
won’t do for a farrowing house in weath¬ 
er like we have had this spring. Green, 
rough lumber cut from a few of the trees 
down in the timber will make good hog 
houses, and at low cost. 

Fence posts, fence boards, gates, ma¬ 
chinery repair parts, wagon parts, even- 
ers and implement handles are a few 
other farm items for which home grown 
wood may be used. I did not place fuel 
wood in this list because it requires spe¬ 
cial consideration. Coal has been abun¬ 
dant and cheap in Illinois and but few 
have made a practice of burning wood 
for heating or cooking. I have repeatedly 
warned that we may face a fuel shortage 
in the winter of 1943-44 and wherever 
supplies are available wood should be 
used for fuel. 
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Even if a serious shortage does not 
occur I feel that anyone who has wood 
and wood-burning equipment available is 
not justified in creating an extra drain 
on transportation by demanding other 
fuels. Wood is good fuel. A standard 
cord of oak and hickory has more heat¬ 
ing value than a ton of the average Illi¬ 
nois coal. Illinois woodlands could pro¬ 
duce enough firewood annually to replace 
a million and a half tons of coal. 

I must skip over the containers for 
marketing and storage of the agricul¬ 
tural products. This use includes baskets, 
boxes, crates, trays, cases, and bins. Just 
this week I have been in southern Illi¬ 
nois studying the basket and box situa¬ 
tion for fruits and vegetables. There 
is a definite shortage of fruit and vegeta¬ 
ble containers which, if not corrected, will 
hamper the production of food for the 
war effort. These containers, manufac¬ 
tured by eleven concerns in Illinois and 
several others in adjacent states, are 
made entirely of wood from our farm 

woodlands. 
Some special war items deserve partic¬ 

ular attention. Outstanding of these is 
black walnut which is used for gunstocks 
and airplane veneer. The walnut timber 
crop is so important in Illinois that a 
survey of walnut owners has recently 
been completed and an inventory of the 
walnut resources is now being made. 
There are over thirty black walnut buy¬ 
ers now active in Illinois purchasing 
trees and logs for war use. It is esti¬ 
mated that more than 25 million board 
feet of black walnut went into w^r use 

in 1942. 
Another special item is dogwood. Dog¬ 

wood is used for shuttle blocks for the 
textile industry which in turn is indis- 
pensibile to the war program. This in¬ 
dustry was facing a critical shuttle short¬ 
age until steps were taken to bring about 
the marketing of more dogwood. Twenty 
thousand cords of dogwood are being 
harvested from the national forest in 
southern Illinois for this purpose. 

In the Peoria area a paper mill has 
recently started using native woods for 
paper manufacture. Inferior species and 
cull material from woodland improve¬ 
ment cutting are used so that all classes 
of timber find their place in war produc¬ 

tion. 

The heavy machine manufacturerers of i 
Peoria, Rockford, and Chicago are turn¬ 
ing to the use of native woods for crat¬ 
ing, skid timbers, and car blocking. 
These industries as well as the paper 
mill were in existence and were using 
wood before the war but they used wood 
shipped considerable distances. The im¬ 
portance of current trends lies in the 
lessening of the drain on transportation j 
facilities and the release of softwood j 
lumber for other war uses. 

Going back to the over-all lumber situ¬ 
ation, the 1942 total lumber production 
fell some 4 billion board feet short of 
meeting war and essential civilian re¬ 
quirements. Lumber production in IllijJ 
nois started dropping off in the fall of 
1942 and by January 1943 was more than 
fifty per cent below September 1942. 
Since January, there has been a slight in¬ 
crease but not sufficient to meet demands. 
Early in 1943 the various agencies con-1 
cerned with forest production in Illinois 
organized the Illinois Wartime Timber 
Marketing Committee. The objectives of 
this group are to coordinate the produc-1 
tion efforts of the member agencies and 
to pursue an active program designed tc; 
increase and maintain lumber produc-1 

tion. The fruit and vegetable container 
study previously mentioned is one of the 
projects of this committee. 

More recently the War Productior1 
Board and the United States Forest' 
Service have proposed a program pat¬ 
terned on similar lines. 

This state and national attention t( 
lumber production is indicative of th< 
key role wood plays in the war. Lumbe] 
is listed with steel, aluminum, and coppei 
as a critical war material. Shortages o: 
lumber and other forest products threat 
en to impede seriously our war effort 
Wood helps win the war, but every daj 
that wood production lags behind wa:= 
needs, just so much longer is the day o: 
final victory postponed. I believe tha 
the problems can be overcome and pro 
duction brought nearly up to schedule 
but it is up to every individual, as wel 
as the foresters and lumbermen, to under 
stand the place of wood among othe 
critical war materials. Only then can w 
achieve the most effective use of ou 

forest resources. 
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RURAL WAR PRODUCTION TRAINING PROGRAM 
R. D. Eiler 

Jacksonville High School, Jacksonville, Illinois 

In one respect I believe we will all 
agree—and that is we all deplore this 
or any other war in which our country 
is involved. However much this may be 
true, the fact remains that great tech¬ 
nological and educational advancements 
usually develop from wars. Just as the 
Land Grant College movement was pre¬ 
cipitated by the Civil War, and the 
Smith-Hughes law came about during 
World War I, so has our present Rural 
War Production Training Program, com¬ 
monly referred to as O.S.Y.A. (Out-of- 
School Youth Administration) been ex¬ 
pedited by our present conflict. 

Our country is now launched upon the 
greatest food-production program in the 
history of the world. In an effort to help 
farmers solve their food production prob¬ 
lems, the 77th Congress of the United 
States called upon the public high schools 
for assistance. Public law No. 647 was 
passed by Congress which provided for 
certain vocational courses of less than 
college grade for out-of-school rural 
people. The law states that the purposes 
of these courses are as follows: 

1. To acquaint farmers with the methods 
of achieving production goals of those 
farm commodities designated by the 
Secretary of Agriculture. 

2. To better qualify persons to serve ag¬ 
riculture as it becomes increasingly 
mechanized. 

3. To aid farmers in the repair, opera¬ 
tion, and construction of farm ma¬ 
chinery and equipment. 

Twenty different courses have now 
been set up and authorized by the Secre¬ 
tary of Agriculture as follows: 

1. The operation, care, and repair of 
tractors, trucks, and automobiles. 

2. Metalwork, including welding, tem¬ 
pering, drilling, shaping, and farm 
machinery repair. 

3. Farm woodworking—not including 
cabinet work, model or furniture 
making. 

4. Elementary electricity,. including op¬ 
eration, care, and repair of electrical 
equipment, and wiring for light and 
power. 

5. The repair, operation, and construc¬ 
tion of farm machinery and equip¬ 
ment. 

6-20. Increasing production of milk, 
poultry, eggs, pork, beef, mutton, 
lamb, wool, soybeans, peanuts, com¬ 
mercial vegetables, fruit, hemp; the 
production, conservation, and process¬ 
ing of food for farm families; and 
the training of farm labor. 

Courses 1-4 above are now being of¬ 
fered for the third consecutive year— 
the first two years as courses available 
for out-of-school youth from ages 17-25. 
The other courses are new this year and 
have been made available for any out-of¬ 
school person over 17 years of age. 

This year the quota for Illinois was 
set at 2000 different courses. All of the 
385 departments of vocational agricul¬ 
ture throughout the State were urged to 
sponsor six or seven of them. At first 
this figure seemed inconceivable to every¬ 
one but they have succeeded admirably 
and the latest figures show close to three- 
fourths of the goal achieved with almost 
two months until the final date for appli¬ 
cations July 1st. 

The federal law placed the responsi¬ 
bility of administering the program in 
Illinois upon the division of the State 
Board of Vocational Education. The ad¬ 
ministration of the program in local com¬ 
munities has been the responsibility of 
the local high school administrators with 
the help of vocational agriculture teach¬ 
ers. In spite of their greatly increased 
duties in other war activities these men 
gladly accepted the added responsibili¬ 
ties. A new concept of the possibilities 
of vocational agriculture is entering the 
consciousness of school and government 
officials as a result of the success which 
has attended the efforts of teachers of 
vocational agriculture. The law provided 
however that courses could also be set 
up in schools not having agriculture 
departments. 

The interest of farmers throughout 
the State has been most surprising to 
school men, in fact many cases are on 
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record in which the number of farmers 
desiring to enter the courses has far 
exceeded the local facilities. The success 
of this program in large part has been 
due to the desire on the part of farmers 
to accomplish all they can to supply the 
great demand for food, and they are tak¬ 
ing advantage of the opportunities which 
this program offers for the repair of 
their farm machinery, to repair or build 
equipment needed for their expanded pro¬ 
gram of livestock production, and to 
study and learn all they can about meth¬ 
ods of food production so that they may 
achieve maximum results. 

The task of realizing all of the expec¬ 
tations of the Secretary of Agriculture 
in this phase of the “Food for Freedom” 
program was placed squarely up to the 
teachers of agriculture. In a letter to 
the Commissioner of Education Mr. Wic- 

ard said: 

“It is my hope that the 9000 teachers 
of vocational agriculture will include 
the Food For Freedom program in 
their plan of work for this year.” 

The teachers to whom the Secretary 
referred I believe have universally ac¬ 
cepted and are gladly meeting this chal¬ 
lenge. 

Using the program offered locally by 
Jacksonville High School as more or less 
a typical example of what is being done 
by hundreds of schools throughout the 
State and nation, it is of interest to note 
that the program was begun November 3, 
1942, with a course in gas engine repair 
and one in farm woodworking. December 
saw the start of a discussion group on 
soybean production in a rural grade 
school followed by another in January on 
pork production held in the vocational 
agriculture classroom of the high school. 
Each discussion group was preceded by 
the establishment of an advisory council 
who chose the topics and determined the 
policies throughout the courses. A group 
of six or seven farmers seems to be about 
the correct number. The teacher of agri¬ 
culture gave instruction in both courses 
but additional courses of the same type 
would have had to be taught by someone 
else. In January began a second wood¬ 
working course taught by the manual 
arts teacher and also two farm machin¬ 
ery repair courses handled by mechanics. 
Another very popular course held during 
January and February was the course in 
welding, given in one of the local machine 

shops. Just now a course in preservation 
of food for farm families is being offered 
in the home economics department by the 
local teachers of home economics, and 
this will be followed by two canning 
courses later in the summer making a 
total of 11 for the year. An approximate 
expected enrollment of 225 persons will 
have been enrolled with a federal cost 
of approximately $12.00 per capita. 

Following the federal requirements the 
gas engine, woodworking, and welding 
courses met three hours per night, five 
nights per week for a period of eight 
weeks or a total of 120 hours each, while 
the farm machinery courses met on five 
consecutive days, putting in a total of 36 
hours for the week. Discussion groups 
including the food preservation courses 
met two hours per night one night per 
week for 10 consecutive weeks or a total 
of 20 hours. The canning courses will 
meet four hours each morning for five 
consecutive days. 

The entire program has been charac¬ 
terized by a fine spirit of cooperation on 
the part of the Board of Education in 
offering the facilities of the school plant, 
the garages, machine shops, the farm 
machinery dealers, the instructors other 
than the agriculture teacher, the school 
administrators, the Farm Bureau, the 
Farm Adviser, other agricultural exten¬ 
sion representatives, local veterinarians, 
janitors, high school office secretary as 
clerk, local merchants who obtained need¬ 
ed supplies, and many others who were 
involved in various ways. Local news¬ 
papers, radio station, and county war 
board gave adequate publicity, and the 
program could not have been other than 
successful with all of these willing agen¬ 

cies. 
As to the future of the program it 

will undoubtedly continue, with minor 
changes, for the duration of the war. 
It is well within the realm of possibility 
that it may even assume permanent pro¬ 
portions afterwards. I should like to 
point out a few possibilities which could 
accrue from the start which has been 
made. First, opportunities for the study 
of agriculture will, before many years, 
become nearly universal. Second, the 
communities which now have depart¬ 
ments of vocational agriculture but 
which have confined their services to a 
few farm boys of high school age, will 
make them available to people generally. 
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Third, since the Federal Government has 
taken the initiative in providing agri¬ 
cultural education for the “masses” 
through the medium of public schools, 
we can except that our example will be 
imitated more widely in other countries 
after the war. May this influence and 
leadership be of the best quality. Fourth, 
the future program will probably provide 
for education along agricultural lines 
other than farming. Fifth, it will un¬ 
doubtedly provide more guidance regard¬ 
ing agricultural occupations as well as 
the training of adults toward that end. 
Sixth, it is predicted that enrollments 
will be large, frequently requiring the 
services of more than one teacher. Sev¬ 
enth, the enrollment in vocational agri¬ 
culture may be largely adult. There are 
ten times more adults to be reached than 
high school boys. Eighth, there will be 
much more attention to objectives and 
to evaluation of courses in terms of ob¬ 
jectives. Ninth, programs will be more 

carefully planned with the assistance of 
advisory councils representative of the 
community. Tenth, and last, public school 
education in agriculture will be more 
closely correlated with other related 
agencies such as the agricultural exten¬ 
sion service, with the schools usually 
taking the initiative in bringing about 
this coordination. 

There is no good reason why agricul¬ 
tural education should not share in the 
planning of the post-war world as it can 

make an important contribution to the 
“freedom from want” philosophy. The 
responsible leaders of farm people will 
have much to do with the attitude farm¬ 
ers take toward world problems. Our 
American farmers may make or break 
any effective arrangement for world 
organization which is proposed. Such 
may well be the immediate and eventual 
results of our present Rural War Pro¬ 
duction Training Program. 

MAKING PASTURES PRODUCE THEIR 
SHARE OF FOOD 

Arlee C. Hanson1 

V. S. Department of Agriculture, Soil Conservation Service, Milwaukee, Wisconsin 

Pastures are playing an important role 
in the wartime food production program, 
but they can be made to take an even 
greater part by increasing the output of 
livestock products. 

During and after the last war, produc¬ 
tion was measured largely in terms of 
wheat, corn, and other cultivated crops. 
Consequently, a high percentage of our 
pasture land was plowed. Today we 
recognize much better the production and 
conservation value of pastures in the 
farming system. 

Illinois has more than 8,000,000 acres 
of permanent pasture. In addition, sev¬ 
eral million more acres now being culti¬ 
vated should be in permanent pasture if 
they are to be saved from destructive 
erosion. It is estimated that the produc¬ 

tion of forage could be doubled on at 
least 50 per cent, or 4,000,000 acres, of 
pasture land. A large portion of the 
land now in grass was cultivated during 
the last war or at some time during the 
last 100 years. In many cases, constant 
farming and soil erosion had severely 
reduced the productive capacity of the 
soil before it was “retired” to pasture. 

Permanent pastures can be classified 
into three groups on the basis of their 
productivity—high, medium, and low. It 
is recognized that some soil types produce 
forage crops much better than others. 
However, the high-producing pastures 
are found on fertile soils that have been 
limed, fertilized, and seeded to legumes 
or have received applications of barnyard 
manure. These soils are fertile mainly 

'Associate Soil Conservationist, Soil Conservation Service, White Hall, Ill. 
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because of their inherent productivity or 
because of the treatment they have re¬ 

ceived, or both. 
Pastures that fall in the low-productiv¬ 

ity group have generally received no 
soil treatment and little, if any, con¬ 
trolled grazing. The grass on these areas 
is grazed closely the year around. Root 
reserves cannot be maintained under 
these conditions and gradually the grass¬ 
es are killed out. Weeds then grow up 
to replace the perennial grasses, and 
forage production goes downward. Such 
weeds as ragweed (Ambrosia artemisii- 
folia L), blue vervain (Verbena hastata 
L), broad-leaved plantain (Plantago ma¬ 
jor L), crabgrass (Digitaria sanguinolis 
Scop.), daisy fleabane (Erigeron annua 
L), and many others are quite common in 
pastures of this type. The carrying ca¬ 
pacity of highly productive pasture aver¬ 
ages 1.5 acres per animal unit for the 
grazing season, in contrast to 3 to 6 
acres per animal on pasture of low pro¬ 

ductivity. 
There is considerable acreage of wood¬ 

ed pasture in the low-productivity group. 
Experimental records show that it re¬ 
quires 6 acres or more of wooded pasture 
to furnish sufficient forage for one full- 
grown cow, or one animal unit. A study 
made by the Soil Conservation Service in 
cooperation with the University of Min¬ 
nesota shows the variation of yields be¬ 
tween open pasture and woodland. 

Table 1.—180-Day Pasture Production 

Tests, Southeastern Minnesota 

(12 plots on each of four farms) 

Year Renovated Open Wooded 

Tons per acre 15 per cent moisture 

1938.... 3.43 2.12 0.31 

1939.... 1.70 1.03 0.26 

1940.... 2.05 1.10 0.32 

Acre per cow 

1938.... 0.7 1.1 7.0 

1939.... 1.3 2.2 8.5 

1940... 1.1 2.1 6.9 

Per cent protein 

1938.... — — — 

1939.... 15.0 16.1 12.0 

1940.... 15.6 15.8 11.0 

An analysis of the grasses growing in 
the timber indicates that they are very 

low in nutritive value. The leaves of 
many plants and trees growing in wood¬ 
ed pasture are poisonous to livestock. 
Every year white snakeroot, alone, kills 
livestock worth thousands of dollars. 

Pastures on which soil treatment, 
grass-legume mixtures, and grazing con¬ 
trol are used will give favorable com- I 
parative returns. An Ohio study, the 
results of which are reported in Ohio 
Bulletin No. 154, compared the produc¬ 
tion of improved pastures to the pro¬ 
duction of corn, wheat, and clover rotated 
at 34 to 43 locations for 3 years. The 
following results were obtained: 

Three-year rotation 

Corn, wheat, clover 

It cost $20.68 to produce 5,397 pounds 
of dry matter per acre containing 408 
pounds of protein equal to 11 bags of 
linseed meal. Total value $27.50. 

Improved pasture 

Fertilized, reseeded 

It cost $11.59 to produce 5,084 pounds 
of dry matter per acre containing 578 
pounds of protein equal to 15.6 bags of 
linseed meal. Total value $39.00. 

The results indicate that we can pro¬ 
duce more protein from a well-managed 
pasture than from a corn-wheat-clover 
rotation and at approximately one-half 
the cost of production. There doubtless 
will be a shortage of protein for the 
duration of the war, which makes it 
doubly important that we look to pasture 
crops to help make up this shortage. 

Five simple steps are recommended for 
the improvement of permanent pastures. 
They are given in University of Illinois 
mimeographed circular entitled, “Five 
Steps in Pasture Improvement” as fol¬ 

lows : 
1. Test the soil for acidity and phospho¬ 

rus and apply the treatment in the amounts 

indicated by the test.—Limestone has 
gradually leached out of our soils mak¬ 
ing them slightly acid. In order to grow 
legumes and most grasses successfully 
we need to apply sufficient limestone to 
decrease the hydrogen ion concentration 
of the soil to Ph 6.5 or nearly neutral. 
Through soil erosion and the production 
of livestock and crops, phosphorus has 
been greatly reduced in many areas of 
pasture. A soil test will indicate the 
approximate amount of available phos¬ 

phorus per acre. 



Agriculture—19^3 Meeting 53 

2. Disk the ground thoroughly in the 

late summer, on the contour, if possible.— 

Contour disking on rolling land will help 
to hold the seed and soil treatment in 
place. It will also help to conserve 
moisture which can be used by the new 
seedlings. The disking should be done 
sufficiently early to give the limestone 
time to correct the acidity. Harrowing 
the field and finally rolling will prepare 
the seedbed for the new seeding of grass¬ 
es and will compact the soil to aid the 
grasses present to reestablish themselves. 

Disking for pasture renovation is pref¬ 
erable to plowing because by this method 
the pasture grasses already present are 
not destroyed and on rolling land there 
is much less danger of loss by erosion. 

3. Seed heavily.—Sweet clover could 
be used as the main legume. If there is 
danger of the sweet clover weevil de¬ 
stroying the new seedlings of sweet clo¬ 
ver, the addition of alfalfa, alsike clover, 
lespedeza, or red clover is advisable. 

If a fair stand of grass is already 
present, the sweet clover alone is suffi¬ 
cient if weevil is not present. If the 
seedbed was prepared the previous fall, 
the sweet clover can be seeded at the rate 
of 10 pounds per acre in the late winter 
or early spring without working the soil 
further. Freezing and thawing in late 
winter or early spring will cover the seed. 
In cases where the stand of grass is thin 
some grass seed should be sown, prefer¬ 
ably when the land is disked in the fall. 
Where a mixture of grasses and legumes 
is necessary, it is generally advisable to 
sow the grasses in August or September 
and the clover early the following spring. 
In seeding grasses in southern Illinois, 
use 4 pounds each of timothy, redtop, 
and orchard grass. In central or north¬ 
ern Illinois, sow 4 pounds of timothy per 
acre. 

It is desirable to have both first-year 
and second-year sweet clover growing 
simultaneously in a pasture. This may 
be accomplished by making a second seed¬ 
ing of sweet clover a year later than 
the regular renovation seeding. 

4. Control grazing.—The newly im¬ 
proved pasture should not be grazed 
until after July 1 the first year in order 
to allow the new seedings to become es¬ 
tablished. Grazing should only be mod¬ 
erate the first year and should be discon¬ 
tinued after September 15 in order to 

allow the plants to make some reserve 
growth for winter. 

Grazing during the following years 
should be limited sufficiently so that a 
reasonable top growth can be maintained 
throughout the year. If more than one 
pasture is available, a system of rotation 
grazing can be used to good advantage. 
A system of rotated grazing will tend to 
increase the production of the pasture. 
It also gives the pasture grasses a chance 
to recover. 

At the Dixon Springs Experiment Sta¬ 
tion, a fertilized pasture that was moder¬ 
ately grazed returned an average net 
gain of 144 pounds per acre in sheep for 
a 4-year period 1939-43, while a similarly 
treated pasture, which was overgrazed, 
returned an average net gain of only 12 
pounds per acre. 

Where sweet clover or some biennial 
legume is used there is a problem of 
management in maintaining it year after 
year. In order to maintain a biennial 
legume, care must be exercised to allow 
it to set seed every year. This can gen¬ 
erally be accomplished by removing the 
livestock when the plants begin to bloom 
and keeping them out until the seed is 
set and the seed pods begin to turn 
brown. 

Rotation or temporary pastures of clo¬ 
ver, sudan grass, small grain, and alfalfa 
can be used to supplement the permanent 
pastures to good advantage. Used in the 
early spring or during drouth periods, 
these pastures will help to prevent over- 
grazing on permanent pastures. 

5. Weed control.—Good growths of 
legumes and grasses on improved pas¬ 
tures will help to control the weeds. 
Since animals graze the more desirable 
plants, however, weeds tend to gain an 
advantage. Therefore, it is desirable to 
clip the weeds once or twice a year. It 
is generally desirable to mow when the 
largest portion of the weeds are in full 
bloom. 

The grassland should be clipped 8 to 10 
inches high so that the maximum use 
can be made of the grasses and legumes 
growing there. 

If pastures are to be made to contrib¬ 
ute their share of food production during 
and following the war, a program of 
intensive education of all the people who 
own or operate land is essential. A pro- 
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gram of conservation-production will be 
used on a majority of our farms only 
when a majority of the people appreciate 
the extent of the problem and have a 
knowledge of the necessary procedure in 
its solution. 

In order to accomplish this task there 
are two necessary major steps that are 
being taken. The first is general educa¬ 
tion, and the second is community action. 
For many years, the Illinois Agricultural 
Extension Service, through the Farm 
Advisers and Extension specialists, has 
taken the leadership in carrying out a 
general education program in pasture 
improvement. Pasture management as a 
part of a course in conservation is being 
used by some of our colleges and high 
schools. 

Many fine examples of community ac¬ 
tion can be found in the soil conservation 
districts organized by farmers in Illinois. 
Community leaders call together their 
neighbors for a round-table discussion of 
their community conservation problems. 
At these discussions it is generally recog¬ 
nized that a complete farm plan for the 
entire farm is the ultimate goal. This 
plan usually includes the crop rotation, 
the hay and pasture management pro¬ 
gram, and livestock system, grass water¬ 
ways, drainage, contour farming, ter¬ 
racing, woodland and wildlife manage¬ 
ment, or a combination of any of these 
phases that will fit the farm and its 
effective operation. 

In wartime, however, when labor, 
equipment, and materials are not plenti¬ 
ful, only those practices requiring the 
least, if any, additional labor, and that 
go the farthest toward food production, 

are started. Of these, contour farming, 
grass waterways, pasture production, and 
land drainage are the chief considera¬ 
tions. In the Morgan County Soil Con¬ 
servation District, community leaders 
assisted by W. F. Coolidge, Morgan 
County farm adviser, and C. H. Krusa, 
assistant soil conservationist from the 
Soil Conservation Service, have conduct¬ 
ed many group discussion meetings this 
past winter. The members agreed at 
each meeting as to the approximate 
amounts of pasture improvement and 
other production practice work they 
would try to accomplish this spring. The 
farmers usually plan to lime and reseed 
10 to 20 acres of pasture each year and 
to practice grazing management on all 
of it. 

In conclusion, I would like to say that 
the pastures in Illinois can be made to 
produce a greater share in the food pro¬ 
duction program than in previous peri¬ 
ods. 

The program of pasture improvement 
includes the application of the necessary 
limestone and plant food materials. This 
should be followed by the proper seed¬ 
bed preparation and a heavy seeding of 
grasses and legumes. The production in 
the years to follow will largely depend 
on the grazing management and weed 
control program. 

Rotation supplemental pastures of clo¬ 
ver, small grain, or sudan grass can be 
used to relieve the permanent pastures. 

A shortage of protein feeds for the 
duration of the war makes it highly 
essential that we depend on improved 
pasture to increase the production of 
livestock. 
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MPROVING THE QUALITY OF ROUGHAGE AS AN AID 
TO WARTIME FEEDING OF DAIRY CATTLE 

W. B. Nevens 

University of Illinois, Urbana 

Wartime demand for increased pro¬ 
motion of animal food products has 
aused an acute shortage of protein 
eeds. During the winter feeding season 
f 1942-43, suitable protein supplements 
yere sometimes unobtainable by dairy 
armers as well as by the feeders of other 
lasses of livestock. It is likely that a 
imilar condition may continue through- 
,ut the war period. What procedures can 
he dairy farmer follow to reduce the 
leed for protein feeds and still maintain 
l high level of milk production? 

One of the answers to this question is 
hat improving the quality of the rough- 
tge part of the ration will not only in- 
rease the amount of protein which the 
•oughage contributes, but will also fur- 
dsh (a) more total nutrients (through 
ncreased consumption of more appetiz- 
ng feed), (b) more vitamins, (c) more 
ninerals, and (d) will enchance the 
hriftiness of the animal. 

Increasing the fertility level of the 
soil is one of the effective ways of im- 
iroving the protein content of forages, 
n experiments conducted at the Univer¬ 
sity of Illinois, it was found that heavy 
ipplications of barnyard manure to blue- 
?rass pastures during four consecutive 
rears not only more than doubled the 
fields of dry matter, but increased the 
protein content to such an extent that 
;he yields of protein from the fertilized 
Dlots were nearly three times as great 
is from the unfertilized areas. The per¬ 
centage of protein in the fertilized forage 
vas about one-sixth higher than that in 
she forage from the check plots. In sub¬ 
sequent experiments it was found that 
samples of forage harvested at monthly 
ntervals from bluegrass plots heavily 
fertilized with a nitrogen fertilizer dur- 
ng four seasons contained 17.6 per cent 
protein in the dry matter, while forage 

7rom an untreated plot contained only 
L2.1 per cent protein. Applying these 

[results to feeding practice, it means that 
a satisfactory supplement to well-fertil¬ 

ized pastures which supply ample forage 
may consist of a mixture of ground farm 
grains without the use of any high pro¬ 
tein feeds. It also means that nitrogen 
fertilization of grass meadows will en¬ 
hance the protein content of hay crops 
and thus lessen the need for purchased 
protein in winter feeding. 

Fertilization also increases the protein 
and mineral content of corn. Snider re¬ 
ports these differences in the protein con¬ 
tent of corn grown recently on the Mor¬ 
row plots at the University of Illinois: 
4.5 pounds of protein per bushel of grain 
from the plot planted continuously to 
corn without soil treatment since 1876; 
6 pounds of protein, or one-third more, 
per bushel of grain from plots used in a 
corn-oats-clover rotation and treated with 
manure, lime, and phosphate. Even the 
stalks and cobs from the fertilized areas 
were higher in protein and mineral. 

Higher quality hay than is usually 
produced can be made by (a) harvesting 
at an earlier stage; (b) using greater 
care in conserving leaves; and (c) using 
forced ventilation to remove excess mois¬ 
ture after the hay has been placed in the 
mow. 

Red Clover in Illinois is commonly har¬ 
vested for hay after one-half to two- 
thirds of the heads have turned brown. 
At this stage the hay is usually dark 
colored (low in carotene), stemmy, and 
relatively low in protein. These condi¬ 
tions can be corrected to a considerable 
extent by harvesting at the half-bloom 
to full-bloom stages and before the 
heads turn brown. It is likewise true of 
most other hay crops that early harvest¬ 
ing aids in the production of a more 
leafy, higher-vitamin, and higher-protein 
roughage. 

The leaves of hay contain from two to 
three times as much protein per pound 
as the stems. Practices which aid in 
saving leaves are (a) windrowing soon 
after mowing, or at the time of mowing 
by the use of a windrower attachment; 
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(b) turning the windrows for curing 
only when the leaves are still sappy or 
the crop is damp from dew; (c) using 
well-designed and carefully-operated ma¬ 
chines which pick up the windrow with 
a minimum loss of leaves. 

Forced ventilation experiments at the 
University of Illinois have shown that 
air forced through cheaply-constructed 
wooden ducts on the floor of the hay mow 
by means a motor-operated blower will 
permit shortening of the field-curing pe¬ 
riod and storage of the hay while it still 
contains enough moisture for the reten¬ 
tion of most of the leaves. Hay cured in 
this manner is higher in protein, mainly 
because of a greater retention of leaves, 
and is also higher in carotene levels and 
in palatability. The feeding of hay of 
this kind results in increased consump¬ 
tion and thus aids in reducing the needed 
amounts of purchased protein feeds. The 
feeding of four extra pounds of high- 

quality legume hay supplies as mucl 
protein as one pound of a protein supple 
ment such as linseed meal or soybeai 
meal. Increasing the quality of hay 
therefore, means not only a higher pro 
tein content in the hay, but a much great 
er protein intake from the roughage 
portion of the ration because more of the 
hay will be consumed. 

Harvesting of crops such as alfalf* 
and soybeans for silage to replace corr 
for this purpose is a further step towarc 
the saving of purchased protein feeds 
This procedure also has the advantage 

of making a better-quality roughage f roir 
these legume crops than can be done 
when attempts are made to cure them foi 
hay under extremely adverse weathei 
conditions. When legume silage is fed 
the protein content of the grain mixture 
may be less to the extent of 1 to 2 pei 
cent than when corn silage is fed. 

JSnider, H. J., Feeding Value also Declines. Hoard’s Dairyman, 88, No. 8, p. 250, 1943. 
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CUTTING CORNERS IN WARTIME LIVESTOCK 
PRODUCTION 

E. T. Robbins 

University of Illinois, Urbana 

There are two main phases of the 
effort to cut corners in livestock produc¬ 
tion during wartime. First is the selec¬ 
tion of feeds, which usually constitutes 
60 to 85 per cent of the total cost of live¬ 
stock production, and second is the labor. 

Selection of Feeds 

This year the supply of high-protein 
feeds is not equal to the demand. A gen¬ 
erous use of pasture in summer and leg¬ 
ume hay in winter helps very much to 
bridge this gap. Horses and colts, beef 
cow herds, sheep and lambs—all can be 
suitably nourished without purchased 
protein, provided they have good pasture 
or legume hay. 

While young beef cattle being fattened 
respond well to the addition of a high- 
protein supplement to usual farm rations, 
they can nevertheless be fattened suc¬ 
cessfully without it if they have high- 
protein roughage. Cattle a year old or 
older fatten so well without additional 
protein that many successful feeders 
regularly give them only corn or other 
grains on pasture, or with clover or 
alfalfa hay. 

The greatest problem is the hogs. 
Brood sows usually have somewhat 
stronger pigs if they receive one-fourth 
to one-half a pound daily of high-protein 
supplement during pregnancy, especially 
during the latter half of the period. 
Gilts have a greater need for this than 
do old sows. Some farmers now are 
breeding fall gilts to have their first 
litters in the fall when they are about 
one year of age. Thus these gilts have 
the favorable summer conditions during 
their first pregnancy. They will be older, 
more mature and better able to endure 
the less favorable winter conditions dur¬ 
ing their second pregnancy. Chester 
Heckathorn, LaSalle County, Illinois, 
uses this plan and fattens the sows for 
market during the summer after they 
have weaned their second litters. 

Rye for pasture in winter and early 
spring provides protein and other factors 
which help brood sows go through the 
productive period with a minimum of 
other protein. Now since ceiling meat 
regulations have levelled off live hog 
prices to a large extent, there is little 
to gain by pushing early spring pigs for 
sale in early fall. Consequently there is 
now more of a tendency to breed sows 
for May and June pigs so that the regu¬ 
lar permanent and rotation pastures offer 
their maximum support to sows during 
the nursing period. Such sows do sur¬ 
prisingly well with grain as the only 
other feed. 

In these ways purchased protein may 
be practically eliminated from the rations 
of all meat animals excepting brood sows, 
pigs and young fattening hogs. Until 
they weigh 60 to 75 pounds, pigs respond 
so favorably to additional protein that 
most hog raisers attempt to supply it 
even during the pasture season. It is 
imperative for young pigs in winter. 
Without protein supplements in winter 
so many young pigs become unthrifty 
that few farmers would raise fall pigs. 

Pasture for pigs gives best results if 

it is a legume crop such as alfalfa or 

clover, green and growing rapidly on 

fertile land. Pigs eat a maximum of 

such forage and it is high in nourish¬ 

ing value. At the University of Illinois, 

pigs weighing 51 pounds at the start of 

a test thrived so well on corn and good 

alfalfa pasture that they reached a 

weight of 200 pounds in 119 days, which 

was only 2 weeks longer than the time 

required for pigs fed corn and 0.27 pound 

daily of a mixture of tankage and soy¬ 

bean meal 2:1. In the two lots the same 

amount of total feed was required to 

produce 100 pounds of gain. This experi¬ 

ment illustrates the great value of good 

succulent pasture for pigs. 
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Labor 

Ingenious labor-saving schemes cut the 
corners in caring for stock on many 
farms. The water system may be simpli¬ 
fied. A good spring, a well-behaved creek, 
or a drainage ditch offers a cheap source 
of water. Tile supplies water on many 
Illinois farms. An arrangement by 
Frank Stout, Sangamon County, is typi¬ 
cal. He dug down to a big line of tile, 
replaced some of the tile with a con¬ 
crete trough, put a grating over the 
trough to keep out the hogs, made a 
sloping rough concrete slab down to it, 
and hogs and cattle drink there most of 
the year. 

In many parts of Illinois, ponds have 
been used successfully for many years 
by using an outlet pipe below the pond 
bank. The pond is fenced, and the water 
from the pipe flows into a trough or is 
regulated by a float the year around. 
Fire for warming the water in stock 
tanks is eliminated on many farms by 
locating the tank well back from the 
entrance in the livestock shelter and 
insulating it with a partial lid and a cov¬ 
ering of horse manure. 

Handling hay can be simplified. Ed 
Kinsinger, Livingston County, Illinois, 
uses a buck rake mounted on a tractor 
to supply hay to a 25-foot overshot stack¬ 
er. Two men and a boy stack alfalfa 
hay in the field very rapidly with this 
outfit. One two-year-old 10-ton stack was 
hauled in which had only one-fourth of 
a ton of damaged hay. Hay is hauled 
to the cattle as needed. A storage barn 
cannot compete with that. And further¬ 
more, hay can be safely stacked contain¬ 
ing more moisture than is safe for barn 
storage. Stacks almost never catch fire 
spontaneously. Even if one did burn, it 
would not destroy a barn, too. 

Oscar Linn, Fulton County, Illinois, 
stacks alfalfa in the field, hauls corn out 
there for the cattle and feeds them right 
there on about a 10-acre area around 
each stack. The manure is thus already 
spread for the following corn crop. One 
cuts corners in handling hay or fodder 
if it is taken to the feed racks the first 
time it is loaded and hauled. A big per¬ 
centage of hay is saved on some farms 
by using feeding racks from which the 
stock do not get the hay out under their 
feet. 

Moving corn is avoided on some farms 
by storing it in temporary cribs in the 

rotation pasture field where stock is to 
be fattened the next summer. Much labor 
can be saved by feeding whole grain and 
hay. It does not pay to grind corn for 
hogs, nor for cattle if hogs follow them 
to clean up the waste. Grinding hay does 
not pay unless it can be stored and fed 
more conveniently that way. Thorough 
mixing of grains and supplements does 
not pay if one may judge by the good 
results on farms where little mixing is 
done. It is not necessary for the stock 
to have each mouthful taste like every 
other mouthful. 

Self-feeders save much work in fatten¬ 
ing cattle and hogs. Some hog raisers 
and some lamb feeders scatter ear corn 
in the pasture with a manure spreader, 
and their success is first class. 

In using the sanitation system for rais¬ 
ing hogs some men reduce the work very 
much. They scatter the clean houses 
about two rods apart in the clean pasture 
field, wash all the sows at one time and 
turn them in to help themselves to houses, 
feed and water. These men raise about 
seven or eight pigs per litter, the same 
as farmers who work much harder in 
managing each sow separately. 

How one can cut corners in fitting live¬ 
stock into the farm plan has been shown 
by Herman Radue, Henry County, Illi¬ 
nois. He bought 46 steers the third week 
of April, turned them into a rotation 
pasture of timothy, red clover, and sweet 
clover, and fed them corn. On August 
15 he added a high-protein supplement, 
and on October 10 he removed them to 
the drylot. He topped the market with 
them in Chicago on October 31. The 
same year in the same pasture, he had 
28 sows from which he raised and sold 
196 pigs. He had no hay, bedding, or 
manure to haul. The stock spread ma¬ 
nure over the field ready for the next 
corn crop. He has made his farm stead¬ 
ily more productive by this labor-saving 
system. 

Finally, in cutting corners in livestock 
feeding one should use pasture and leg¬ 
ume hay as much as possible to balance 
the rations for any kind of livestock. 
This is very effective so far as it goes. 
Then one should shape his methods to 
fit in with the natural instincts and in¬ 
clinations of the stock so that they work 
for the farmer instead of keeping him 
busy working for them. 



Agriculture—19^3 Meeting 59 

SOIL DEPLETION REDUCES FEEDING VALUE 
OF CROPS 

H. J. Snider 

University of Illinois, Urbana 

It has long been known that a large 
portion of the soils in Illinois are defi¬ 
cient in available phosphorus. This de¬ 
ficiency was originally discovered by the 
fact that applications of phosphatic fer¬ 
tilizers to the land were often accom¬ 
panied by substantial increases in crop 
yields. There are, however, some soils 
where there is no crop response to added 
phosphate, and such soils as a rule are 
well supplied with available phosphorus. 
Phosphate fertilizers in various forms 
have been and are still recommended and 
sold to the farmer solely on the basis 
that such fertilizers are profitable be¬ 
cause of the resulting increased crop 
yield. Apparently up to recent years, 
there has been only limited emphasis 
placed on the desirability of adding ad¬ 
ditional phosphorus to the soil so that 
this in turn would add more of this im¬ 
portant mineral to the feed of farm 
animals. 

There is an increasing interest in the 
phosphorus content of crops grown on 
various soils. It has been discovered that 
some very serious livestock diseases may 
be traced directly to a phosphorus de¬ 
ficiency in their ration, and this in turn 
has been traced directly to a phosphorus 
deficiency in the soils over which the 
animals grazed or from which was col¬ 
lected a large part of their feed. The 
seriousness of this problem may best be 
illustrated by statements from men who 
are in close touch with various phases 
of agricultural problems. 

Mr. G. C. Smith, Farm Adviser in 
Pope-Hardin counties in extreme south¬ 
ern Illinois, in his 1942 annual report 
states: “We have fewer reports of cattle 
breaking down in their backs since we 
have so many limed and phosphated pas¬ 
tures. Several years ago Doctor Walker 
had dozens of cases of cattle that went 
down in their backs. They were cured 
by an injection of calcium gluconate. 
The trouble was a lack of mineral in the 
feed, according to the veterinarian.” 

In an address before the 28th (1942) 
Annual Meeting of the Illinois Agricul¬ 
tural Association, Dr. W. L. Burlison 
said, “Chemical analysis indicates that 
the phosphorus content of crops grown 
on many of our light colored soils is now 
so low as to induce serious nutritional 
diseases in man and animals. It is a very 
significant fact that this phosphorus de¬ 
ficiency does not occur in forage crops 
grown on land which has received liberal 
applications of either rock phosphate or 
superphosphate.” 

Dr. T. S. Hamilton, who is engaged in 
animal nutrition research at the Uni¬ 
versity of Illinois, has made some very 
pertinent statements regarding the func¬ 
tion of phosphorus in the nutrition of 
farm animals. In an address before the 
Western Phosphate Conference, Septem¬ 
ber, 1940, Doctor Hamilton said: “When 
animals subsist for long periods of time 
on forages which contain less than about 
0.15 per cent (3 pounds per ton) phos¬ 
phorus on the dry basis, aphosphorosis is 
a possibility, although there is usually 
no consistent and serious damage until 
the phosphorus content drops below 0.12 
or 0.13 per cent (2.4 or 2.6 pounds per 
ton).” He explained that aphosphorosis is 
primarily a disease associated with phos¬ 
phorus-deficient soils and consequently 
phosphorus-deficient forage crops. 

These statements are quite definitely 
agreed on the serious possibilities of 
phosphorus deficiency in our soils and in 
our crops. The fact that a considerable 
portion of Illinois croplands have been 
found deficient in available phosphorus, 
along with the finding of a corresponding 
deficiency of phosphorus in forage crops 
grown on these lands, and the establish¬ 
ment of a limit value for desired amounts 
of phosphorus in these crops represent 
significant progress in research work on 
this particular problem. 

Probably the largest areas of phos¬ 
phorus-deficient soils are in southern Illi¬ 
nois and especially in the Ozark hill 
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Table 1.—Phosphorus Content in Pounds per Ton Found in Legumes and 

Grasses from Four Southern Illinois Experiment Fields 

Ewing Raleigh Sparta Elizabethtown 

Soil Treatment 
Alfalfa Red Les¬ Corn Timothy Redtop Blue¬ Orchard 

clover pedeza Stover grass grass 

Phosphate added. . . . 3.4 4.8 6.0 2.4 2.6 3.2 3.6 4.4 
No phosphate. 2.2 2.6 2.0 1.0 1.8 2.0 1.8 1.8 

region of the extreme southern part of 
the State. In this hill region is located 
the Elizabethtown (Hardin County) ex¬ 
periment field from which some of the 
data in Table 1 were obtained. 

The amounts of phosphorus found in 
timothy, redtop, bluegrass, and orchard 
grass (Table 1) from unphosphated land 
on the Elizabethtown field are far below 
the 3 pounds-a-ton limit given by Doctor 
Hamilton. Also from this field red clover 
and alfalfa hay on unphosphated land 
was found to be far below the 3 pounds- 
a-ton limit. Also in Table 1, alfalfa, red 
clover, lespedeza, and corn stover from 
unphosphate land on the Ewing, Raleigh, 
and Sparta fields had a phosphorus con¬ 
tent far below the 3-pound limit. The 
experiment fields at Ewing, Raleigh, and 
Sparta are also located in southern Illi¬ 
nois and represent the more level to gent¬ 
ly rolling farm lands. 

As pointed out by Doctor Burlison, 
when forage crops are treated with lib¬ 
eral amounts of either rock phosphate 
or superphosphate the deficiency of phos¬ 
phorus in the forage is largely overcome. 
This is apparent from the results in 
Table 1. When phosphate was added 
to the soil, the amounts of phosphorus in 
the forage were increased in most cases 
above the 3 pounds-a-ton limit. The ex¬ 
ception to this were timothy hay and 
corn stover. Corn stover from the most 
fertile soils is seldom found to contain 
as high as 3 pounds of phosphorus per 

ton. The average is more nearly 2 pounds 
of phosphorus in a ton which includes 
stalks, leaves, sheaths, and husks. The 
amount of phosphorus in timothy hay 
may be brought up to and above 3 pounds 
a ton on these soils by the addition of 
phosphate alone, however, timothy re¬ 
sponds to a more general improvement 
of the soil, that is legumes, residues, ma¬ 
nure, and potash are usually needed in 
addition to the phosphate. In some cases 
lespedeza has been found to have require¬ 
ments similar to timothy in this respect. 

Phosphorus deficiencies in soils and 
crops are not confined to southern Illi¬ 
nois. Forage crops from experiment 
fields in both central and northern Illinois 
show some very decided deficiencies in 
phosphorus content. The Morrow plots 
in central Illinois produced red clover 
hay from untreated land with a phos¬ 
phorus content of 2.2 pounds per ton of 
hay (1942). Red clover hay from limed 
land on the Joliet experiment field in 
northern Illinois had a phosphorus con¬ 
tent of 1.8 pounds per ton of hay. Ken¬ 
tucky bluegrass from untreated soils on 
the Joliet field (1942) was found to con¬ 
tain 2.2 pounds of phosphorus per ton of 
hay. These values were considerably be¬ 
low the 3 pounds-a-ton limit. The use 
of phosphate in various forms on these 
central and northern Illinois soils has 
as a rule increased the phosphorus con¬ 
tent of the forage crops to considerably 
above the 3 pounds-a-ton limit. 
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SOME CREDIT AGENCY ADJUSTMENTS FOR 
WARTIME NEEDS 

H. S. Whalin 

The Federal Land Bank of St. Louis 

When the Food-for-Freedom program 
was originally announced, Claude R. 
Wickard, Secretary of Agriculture, made 
the following statement, “The Nation is 
calling on farmers this year to turn out 
the greatest farm production in history. 
The people of America and the United 
Nations need more meat, milk, eggs, 
vegetables, fruits, and oil crops. We 
must have them for health and strength 
and critical military supplies. They are 
munitions of war. . . 

“The services of banks and of Govern¬ 
ment farm credit institutions must be 
used as well as these other services. Ade¬ 
quate financing is vital to the success of 
the farmers’ production program.”1 

This statement was made in connection 
with the food production program in 
1942. Since that time the need has in¬ 
creased tremendously and it does not 
appear today that we can possibly pro¬ 
duce as much in 1943 as is needed. In¬ 
creased production demands the extension 
af additional credit by agencies financing 
farmers. 

To the casual observer it may appear 
that most credit agencies have not made 
many changes in their operations in 
arder to keep geared to the needs of our 
wartime economy. No doubt, some credit 
agencies have found it necessary or de¬ 
sirable to make more changes than 
athers. There are some demands from 
the other branches of our wartime econ¬ 
omy which have affected all credit agen¬ 
cies; for instance, the armed forces have 
taken many of the younger men from 
their ranks. War industries have been 
strong competitors for experienced per¬ 
sonnel. Such demands have caused many 
changes in personnel resulting in loss of 
efficiency, at least temporarily, and in 
loss of the time used in training new 
employees. In many cases, these shifts 
in personnel have resulted in increasing 
the duties of the remaining employees 
n the organization. 

Increased wages and prices together 
with heavy Government borrowings have 
resulted in greatly increased bank de¬ 
posits and have enhanced the purchasing 
power and the debt paying ability of 
many individuals. With this condition 
prevailing, it becomes the patriotic duty 
of all credit agencies to do what they 
can to discourage inflationary trends 
without operating on a basis which would 
hamper the war effort. 

It is not possible to cover all credit 
agencies in a review of this nature; con¬ 
sequently, I shall confine my remarks to 
a limited number of well known ones. 

Farm Credit Administration 

In the field of agricultural credit, the 
Farm Credit Administration holds an 
important position. The Federal Land 
Bank, the Production Credit Corporation, 
the Bank for Cooperatives, and the Inter¬ 
mediate Credit Bank are the four units 
which make up the Farm Credit Admin¬ 
istration. As you may know, the Federal 
Land Bank makes long term loans to 
farmers on the security of first mort¬ 
gages on farm lands; the Production 
Credit Corporation through the Produc¬ 
tion Credit Associations makes loans to 
farmers for production purposes, usually 
accepting chattel mortgage security; the 
Bank for Cooperatives finances farmers’ 
cooperatives; and the Intermediate Cred¬ 
it Bank is a bank of discount. It dis¬ 
counts paper for the Production Credit 
Associations and the Bank for Cooper¬ 
atives as well as for other agricultural 
lending agencies. 

The Federal Land Banks hold a place 
of importance in the farm mortgage 
lending field. Together with the Federal 
Farm Mortgage Corporation, they have 
about 40 per cent of the farm mortgage 
loans outstanding in this country. 

The Federal Land Bank of St. Louis, 
operating in Illinois, Missouri, and Ar- 

^ulletin: “How Banks can Assist in the Food-for-Freedom Program,” by Agricultural Commission 
>f the American Bankers Association, p. 5. 
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kansas, has adopted a balanced wartime 
program through which it and the Na¬ 
tional Farm Loan Associations are seek¬ 
ing to make their contribution to the 
farmers’ war effort. This program is 
designed to emphasize the farmers’ war¬ 
time responsibility and is divided into 
three sections: production, control of 
debts, and war bonds purchases. This 
program recognizes that farmers, like 
all other loyal citizens, are willing to do 
their full share in the Nation’s war 
effort. 

Production 

All of us recognize that the farmers’ 
most important wartime job is the maxi¬ 
mum production of essential foods and 
fibers. The demand for food production 
on our American farms in 1943 is almost 
unlimited. The demand for certain farm 
products is acute and is increasing. We 
have not only the problem of providing 
food for ourselves and our armed forces, 
but have heavy demands coming from 
our Allies. Many conquered countries are 
looking to the American farmer ulti¬ 
mately to save them from starvation. 
Farmers did a commendable job in 1942 
and they are planning to exceed this 
record this year in spite of shortages 
of machinery, supplies, and labor. 

Control of Debt 

Agriculture organized on a sound 
financial basis is a national asset. A 
sound financial program for the individ¬ 
ual farm means much to the individual 
farm family. In periods of good farm 
income, farmers who are in debt should 
consider doing at least two things. First, 
anyone having a debt which cannot rea¬ 
sonably be expected to be repaid in full 
during these years of high farm income 
should put it on a long term amortized 
basis. He should also establish himself 
on a sound financial basis by setting up 
reserves. The farmer with a substantial 
mortgage debt needs to set up a reserve 
against that debt. 

There are different methods which 
may be used to hedge against a mortgage 
debt. Term life insurance is an example. 
Under this plan, the borrower takes out 
a term life insurance policy at the time 
he obtains his mortgage loan. The 
amount and term of the policy are the 
same as for the mortgage. If he dies 
during the term of his policy, his mort¬ 

gage is automatically paid by the insur¬ 
ance company. 

The principle of hedging against a 
mortgage debt is so sound that the bank 
has incorporated it into its own program. 
Today any borrower from the Federal 
Land Bank can use his surplus funds to 
build to his credit a reserve in the bank 
to be drawn on for application on his 
loan as needed or as he sees fit. This 
reserve is called his “future payment 
fund.” He receives an interest credit 
semi-annually on the money placed in 
this fund at the same interest rate he 
pays on his loan. 

The other reserve which may be set up 
in periods of surplus income is one that 
will serve as a protection against unfore¬ 
seen demands for cash. A reserve for 
such a purpose should be made up of the 
type of investments which meet two re¬ 
quirements. First, the investment should 
be of a liquid character under any and 
all circumstances; that is, the owner 
should be able to convert the investment 
into cash whenever he wants to do so. 
Second, it should also be the type of 
investment that can be converted into 
cash under any and all circumstances, 
at any time, at one hundred cents or 
more on the dollar. 

War Bonds Purchases 

Everyone should buy some War Bonds. 
The question for farmers is how much. 
On the basis of sound financial planning, 
the answer is easy: 

1. Farmers who are still trying to get 
debts in shape should buy some war 
bonds; they will feel better for 
having done so. 

2. Farmers who have reduced their 
indebtedness to a manageable basis 
under normal conditions should 
purchase the amount needed to fully 
establish adequate reserves. 

3. Farmers who are out of debt should 
establish adequate reserves and buy 
as many more as their resources 
will permit. 

It is not only good planning to have a 
reserve of War Bonds; it is also the 
patriotic privilege and the duty of every 
American citizen to buy them when his 
country is at war. William I. Myers, 
Consultant War Savings Staff United 
States Treasury says, “The financial wel¬ 
fare of farm people in the next two 
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decades depends to a great extent on 
the wise utilization of the higher farm 
incomes of the present war period. For 
the first time since the last World War, 
the incomes of farmers generally will 
provide a margin for reserves above 
necessary expenses. The overexpansion 
and speculation in agriculture between 
1914 and 1920 resulted in suffering and 
loss in later years to thousands of farm¬ 
ers who expanded their business on credit 
at the inflated values of that period. 
The only effective way of avoiding the 
disastrous results of inflation and defla¬ 
tion is through using the increased in¬ 
comes of this period to get debts in shape 
and to build financial reserves in War 
Bonds.”2 

The Federal Land Bank is continuing 
to make loans on the basis of “normal 
agricultural values.” This loan policy is 
being followed by many of the other 
principal farm mortgage lending agen¬ 
cies in the country and it represents a 
sound means of preventing farm land 
booms. 

Since the War started, the Federal 
Land Bank of St. Louis has liberalized 
its policy regarding the repayment of 
loans. Now, a borrower may pay any 
amount on his loan at any time, stopping 
accrual of interest on the amount paid 
on the day the payment is made, or he 
may retire his loan in full at any time 
without paying any penalty provided the 
funds are obtained from any source other 
than borrowing from a non-Governmental 
lending agency. This policy is in keeping 
with the purposes for which the Federal 
Land Bank System was originally or¬ 
ganized; namely, to produce funds to 
finance farmers on terms suited to their 
needs with the lowest interest rates ob¬ 
tainable and on a basis which would 
enable them to retire the debt and finally 
own their farms clear of any encum¬ 
brance. During this period of above nor¬ 
mal income, this policy has been bene¬ 
ficial to many farmers. The bank also 
allows its borrowers an interest credit 
on partial or full installment payments 
made in advance. 

Many of the National Farm Loan 
Associations are assisting in the sale 
of War Bonds and stamps. In several 

[instances, two or more of these associa¬ 
tions have joined together as an operat¬ 

ing unit using the same personnel, there¬ 
by releasing manpower for other work. 

The Production Credit Corporation and 
the Production Credit Associations are 
taking an active part in financing agri¬ 
cultural production. The associations are 
ready and willing at all times to assist 
farmers with their financial problems. 
Their loans are all made for short terms 
and the turn-over is rapid and has 
stepped up since farm income has im¬ 
proved. The Production Credit Associa¬ 
tions have given strong support to the 
war effort by standing ready to finance 
needed farm production at all times since 
the War started. Although the most im¬ 
portant function of the Production Credit 
Associations is making loans to finance 
the production of Food-for-Freedom, they 
also have contributed much to the war 
effort in connection with the following 
programs: 

1. Selling War Bonds and Stamps. 
2. Encouraging the repair of farm 

machinery. 
3. Discouraging unsound expansion. 
4. Assisting the live-at-home program. 
5. Encouraging payment of debts. 
6. Helping farmers build financial re¬ 

serves against future uncertainties. 
7. Having representation on County 

USDA War Boards. 

Commercial Banks 

The American Bankers Association has 
actively supported the Food-for-Freedom 
program since it was originally an¬ 
nounced and has encouraged all com¬ 
mercial banks to take an aggressive part 
in financing the production of food. Per¬ 
haps the largest reservoir of credit in 
this country is to be found in the deposits 
of individuals in commercial banks. Since 
large amounts of credit are needed at all 
times for efficient operations of farms, 
and extending credit is a normal func¬ 
tion of banks, they have had the responsi¬ 
bility of handling much of the credit 
required by farmers in meeting their 
production goals. 

The general distribution of commer¬ 
cial banks throughout the country makes 
it possible for them to provide prompt 
credit service to practically all farmers. 
Banks have accepted their responsibility 
for financing agricultural production and 

2‘‘A Wartime Program for United States Farmers,” by William I. Myers; page 10. U. S. Govern¬ 
ment Printing Office. 



64 Illinois Academy of Science Transactions 

have made a valuable contribution to the 
war effort in doing so. In doing this, 
they have increased their incomes by 
handling a larger volume of good agri¬ 
cultural loans. The banks have recog¬ 
nized the vital importance of increasing 
the production of food. They know that 
for many farmers, assurance of adequate 
credit was required before increased pro¬ 
duction could be undertaken. 

Many banks have followed the recom¬ 
mendation of the American Bankers As¬ 
sociation that each of them pick one man 
from among its officers and designate him 
as its farm contact officer. Where possi¬ 
ble, a man trained in agriculture was to 
be placed in charge of the bank’s farm 
credit department. All the bank’s activi¬ 
ties pertaining to agricultural defense 
financing are under the supervision of 
this man. He is charged with the re¬ 
sponsibility of familiarizing himself with 
the Food-for-Freedom program, of keep¬ 
ing in close touch with the agricultural 
agencies operating in the territory, and 
of consulting with the bank’s farm cus¬ 
tomers regarding their plans and pro¬ 
grams. He is expected to spend consider¬ 
able time contacting farmers on their 
farms in order to keep informed of their 
credit needs. 

The Association also recommends that 
county-wide bankers’ meetings be held 
to study the needs for agricultural 
financing, and to bring out ways banks 
can coperate with others in it. In addi¬ 
tion to representatives from each bank 
in the county, representatives of the 
various federal and state agencies, farm 
organizations, and private agencies were 
to be asked to attend such meetings. 

It is recommended that each bank 
weigh carefully every need for agricul¬ 
tural credit which comes to it, and if it 
cannot make the loan, steer it to some 
other commercial bank or other credit 
agency for consideration. Applications 
referred to other agencies are to be fol¬ 
lowed up to learn of their disposition. 
Applications that cannot be approved by 
any bank or credit agency are to be 
referred to the local War board with full 
information as to what would be required 
to justify the loan. When a loan is re¬ 
fused, the bank is expected to explain 
its reasons to the applicant as he may 
be able to correct the factors that caused 
the loan to be declined. It is also suggest¬ 
ed that each bank explore every available 

agricultural resource in the county ant 
take active part in seeing that it is de 
veloped to its fullest producing capacity 

It is not expected that banks will as 
sume risks inconsistent with their obli 
gations to their depositors. Better price: 
for farm products together with the pric< 
supports provided by the Secretary o: 
Agriculture have improved the farmers 
debt-paying ability. This means th<! 
banks can safely increase the amoun: 
of credit extended for agricultural pro 
duction. 

The banks are expected to take ar 
active part in urging expansion by ex 
perienced, well equipped farmers on gooc 
farms who require only short-term credil 
to take care of increased expenses to gel 
increased production and who do not 
need to make large capital investments 
or to become heavily indebted. It is fell 
that through personal contacts, loar 
policies, and publicity, the banks can dis¬ 
courage extravagant expenditures, thf 
accumulation of unnecessarily large in¬ 
ventories, and the purchase of farm lane 
at inflated prices, or the purchase of 
farm land with down payments that are 
too small. Loan values on farm land1 
are to be kept at levels which are justi¬ 
fied by long term prospects. 

The banks have supported the “live- 
at-home” program, the machinery-repaii 
program, and have encouraged economy 
in local government expenditures. They 
have taken an active part in the sales of 
War Bonds and stamps, not only in the 
over-the-counter transactions, but in or¬ 
ganizing and assisting in the promotional 
sales work which has been carried on sc( 
successfully. Commercial banks also have 
contributed directly to the war effort by 
financing much of the Government’s 
short-term credit needs, and by financing 
industry in connection with war produc¬ 
tion as well as other production essential 
to our national welfare. 

Regional Agricultural Credit 

Corporation 

The Regional Agricultural Credit Cor¬ 
poration seems to be the most misunder¬ 
stood lending agency operating in the ag¬ 
ricultural credit field today. The RACC 
was originally created under the Emer¬ 
gency Relief and Construction Act of 
1932 to meet farmers’ and stockmen’s 
needs for short term credit. 
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Feeling the urgent need for maximum 
jroduction on every American farm in 
.943 and recognizing that there are al- 
vays some farmers in every community 
vho are unable to get financed properly 
or maximum production; also knowing 
hat many farmers would be unwilling 
io take the financial risks inherent in 
;xpanding their operations for maximum 
jroduction of war crops, Secretary of 
Agriculture, Claude R. Wickard an- 
lounced early this year that $225,000,- 
)00 had been made available for lending 
o farmers at the county level for the 
jroduction of essential war-time food 
tnd fiber. This additional source of credit 
for farmers was made available through 
he RACC. These loans may be made 
lpon the approval of the chairman of 
he County USDA War Boards and the 
bounty RACC loan representatives. 

In announcing this program, Secretary 
Pickard said, “The purpose of this pro¬ 
gram is to provide adequate financing 
o assure maximum production of needed 
:ommodities. These loans will be made 
>nly if it will enable the borrower to 
ngage in or increase his production of 
issential agricultural commodities. For 
in applicant to qualify for a loan his 
arming operation should afford every 
easonable assurance that the indebted- 
less will be liquidated. This program is 
tot a substitute for other sources of 
;redit, nor is it intended to compete with 
ither lenders. Its purpose is to supple- 
nent such other sources of credit where 
leeded. Each producer is urged to obtain 
lis financial requirements, if possible, 
rom other sources. Our farmers are 
aced with a tremendous production job 
n the 1943 Food-for-Freedom Program. 
Ve are doing everything in our power to 
lelp them meet the exceedingly high 
;oals. By making available this new 
ource of credit, we hope to enable every 
>roducer, large, medium or small, to pro- 
luce to the limit without being hampered 
>y inadequate financing.”3 

The RACC had not been active since 
.934 and had no field force to handle 
his credit for farmers. An effort is 
>eing made to handle this credit for 
he RACC by using persons who are al- 
eady engaged in work for some agency 

>f the Department of Agriculture. The 
rarm Credit Administration was charged 
vith the responsibility of the supervisory 

work of the program. F. W. Niemeyer, 
General Agent of the Farm Credit Ad¬ 
ministration, St. Louis, Missouri has been 
appointed as District Vice President of 
the RACC. 

The RACC program is concerned pri¬ 
marily with increased production. It is 
not concerned with whether few or many 
loans are made. This is not a program 
for refinancing existing indebtedness. 
The mere transfer of a debt from one 
creditor to another will not aid produc¬ 
tion. Loans will not be made for the 
purchase of real estate or for the erec¬ 
tion of extensive permanent improve¬ 
ments upon the farm. 

Two types of loans are available 
through the RACC. One may be used 
for the production of general crops and 
all types of livestock and has been desig¬ 
nated the “F-l loan.” The other type of 
loan is available for production of essen¬ 
tial war crops and is called the “F-2 
advance.” 

F-l Loans 

Loans under this program may be 
made to actual producers only. These in¬ 
clude any farmer, stockman, or poul¬ 
try producer, including any partnership 
or corporation engaged in agricultural or 
livestock production. Loans may also 
be made to any local group of farmers 
or stockmen formed for the purpose of 
acquiring larger items of machinery or 
equipment, sires, etc., for common use 
among the group, provided all members 
of the group join in executing the note, 
mortgage, etc. 

Loans may be made to finance produc¬ 
tion, harvesting, and marketing of crops; 
purchasing, raising, breeding, fattening, 
and marketing of livestock; production 
and marketing of poultry, poultry prod¬ 
ucts, and dairy products; purchase and 
repair of equipment essential to the 
farmer’s production program; and for 
other purposes incident to the farming 
or livestock enterprise, including neces¬ 
sary labor and farm living expenses. 

In general, the minimum collateral se¬ 
curity required will be a first and para¬ 
mount lien upon the crops to be produced, 
the chattels purchased, and the livestock 
or poultry in the production and care of 
which the proceeds of the loan are to be 
expended. Such other and additional 
collateral as the County War Board or 

*Press release. 
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the Corporation’s loan representative 
may deem necessary or advisable to af¬ 
ford adequate protection for the debt 
may be accepted. 

All notes are to have a maturity date 
of one year or less and will draw interest 
at the rate of 5 per cent per annum pay¬ 
able at maturity. The maturity date 
should coincide as nearly as practicable 
with the usual time for marketing the 
crops or livestock from which liquidation 
is expected. 

F-2 Advances 

In cases where the County War Board 
finds that a farmer has capacity to 
produce essential crops and when such 
production can be related definitely to 
the use of the proceeds of the advance, 
the RACC through its local representa¬ 
tive may advance to such farmers the 
amount determined by the War Board 
to be necessary to finance such produc¬ 
tion. Such advances may be made on the 
following terms, which shall be stated in 
the note or notes evidencing them: The 
borrower shall undertake production of 
a specified quantity of essential crops 
and shall be personally liable for the full 
amount of the advance; except that, if 
the County War Board certifies that 

1. The borrower has used the amount 
advanced for producing the crops 
for the production of which the 
advance was made; 

2. The borrower in good faith has 
diligently applied principles of good 
husbandry to the production of such 
crops; 

3. The borrower has applied an 
amount equal to all proceeds of 
such crops to the repayment of the 
advance; and 

4. Such amount has been insufficient 
to repay the advance in full, 

then the RACC will not look to other 
assets of the borrower for the repayment 
of that part of the advance which exceeds 
such proceeds but will cancel the bor¬ 
rower’s obligation for the balance of the 
advance. 

The following crops have been desig¬ 
nated by the Food Production Adminis¬ 
tration as “essential war crops” the pro¬ 
duction of which may be financed under 
this program: 

Soybeans for beans 
Flax for seed or fiber 

Peanuts to be harvested and picked 
Irish potatoes where farm goal is 3 acre 

or more 
Sweet potatoes on farms with goals de 

termined 
American Egyptian cotton 
Hemp for seed or fiber 
Dry beans 
Dry peas (excluding wrinkled varieties 
Castor beans 
Tomatoes, snap beans, lima beans, peas 

and carrots for processing or sal 
fresh 

Cabbage, sweet corn, and table beets fo 
processing only. 

These advances shall be made only b 
farmers who are actual producers. Th 
advances may be made to finance th 
actual current cash cost of producinj 
and harvesting designated essential wa: 
crops and delivering such crops for saL 
or for processing. In all cases advance; 
made must be secured by a first and para 
mount lien upon the specific crop to h 
produced. All notes shall be drawn witl 
a maturity of one year or less and shal 
draw interest at the rate of 5 per cen 
per annum. 

In making both F-l loans and F-! 
advances, the County USD A War Board: 
have definite responsibilities. It is then 
duty to see that the lack of credit doe: 
not stand in the way of maximum farn 
production in their counties in 1943. I 
is also intended that they handle th< 
RACC loan so that it will not be in direc 
competition with credit available fron 
other local short-term lenders. In ordei 
to assit the RACC loan representative: 
and the County USD A War Boards ii 
determining when to make RACC credi 
available to farmers, the following yard 
stick, or guide, has been worked out foi 
their use in considering applications: 

1. Is the applicant eligible? 
2. Will the loan maintain or increase 

production? 
3. Does the application show the fund: 

will be used for proper purposes? 
4. Is there a probability of successfu 

operation and repayment? 
5. Can and will the applicant give 

satisfactory security? 
6. Can and will the applicant produce 

as much if RACC funds are noi 
available? 

If answers to the first five questions are 
yes and to the sixth one no, then the 
loan should be made. 
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Summary 

The lending policy of the Federal Land 
Janks, based on normal values, acts as 
, deterrent to inflated land values. This 
iolicy is much the same as that expressed 
or Commercial banks in handling real 
state loans. The adjustments made by 
he Federal Land Bank since the war 
tarted all seem to be of the nature 
irhich are of direct benefit to farmer 
iorrowers and indicate concern for the 
uture. No doubt, the farmer who estab- 
ishes adequate reserves now will be 
ble to weather bad times better when 
hey come. 

The Production Credit Associations 
nd the Commercial banks are doing a 
ommendable job of handling the financ- 
ng of production for farmers. Both 
rganizations are making every effort 
o assist in the war effort and have not 
imited their activities in connection with 
iding the prosecution of the War to 
mding money where credit would be 
eneficial to producers. Financing agri- 
ulture represents only a portion of the 
redit furnished by Commercial banks 
o assist the prosecution of the war. 

The funds made available through the 
iegional Agricultural Credit Corporation 
lake it possible for the County USD A 
Var Boards to see that every farmer 

has the credit needed for maximum pro¬ 
duction on his farm. This credit is to be 
used as a supplement to other sources 
of production credit which are available. 

It does not appear that any of these 
credit agencies have permitted the dif¬ 
ficulties resulting from the wartime econ¬ 
omy to noticeably hamper the service 
they are rendering the public. 
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Papers in Anthropology 

Extract from the Report of the Chairman 

The program included eleven papers, ten of which were presented 
t the Jacksonville meeting. Two additional papers were added on the 
;ay of the meeting. Authors and titles of papers not herein published 
re as follows: 

Burford, C. C., Champaign, Illinois, Exit—the Red man; enter— 
the White man. 

Cole, Fay-Cooper, University of Chicago. 

Griffin, Jopin, University of Chicago, Typology in archaeology. 

Link, G. M., Michael, Illinois, The prehistoric Indian in Calhoun 
County. 

McGregor, J. C., Springfield, Aims and methods of archaeology. 

Spooner, H. L., Peoria, Who were the prehistoric peoples of Illinois ? 

Titterington, P. F., A film and slides on Research work in Cal¬ 
houn County, Illinois. 

The attendance at the meeting was 65. 

Donald E. Wray, 604 Caroline Street, Peoria, was elected chair- 
lan for the year 1943-1944. 

(Signed) Ben Nussbaum, Chairman 
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ARROWSMITH BATTLEFIELD 
William B. Brigham 

Bloomington, Illinois 

Soon after their first contact with the 
’rench in Wisconsin, the Fox Indians 
eveloped a feeling of distrust and suspi- 
ion that later broke out in hostilities, 
'he skirmishes interfered greatly with 
rade and settlement over a large portion 
f New France. 

After many years of unpleasant rela- 
ions with this tribe, the French authori¬ 
ses secured the assistance of other Indian 
ribes to aid in the destruction of the 
'oxes. A battle to that end, fought in 
730, lasted twenty-three days. It is 
ecorded in history, but its location is not 
efinite. Two authorities have selected 
ites near Starved Rock. Another has 
laced a marker for it on a hill near 
lano. Reports, later uncovered, describe 
; as southeast of Starved Rock, about 
50 miles south of Lake Michigan, and on 
vast prairie between the Illinois and 

Vabash rivers. The Arrowsmith site in 
astern McLean County fits well into this 
escription. 

When the white settlers came to the 
icinity of the battlefield, they noticed 
umerous circular pits on the hill. The 
igzag rifle pits to the northeast and 
Dutheast have long since been obliterat- 
d by cultivation. The ridge of yellow 
lay approaching the hill from the north- 
ast (DeVilliers’ attempt to undermine 
tie fort) is no longer visible. 

However, the archaeologist would be 
etter satisfied after inspecting the var- 
>us remains. Careful excavations of this 
ite have revealed much of interest. By 
igging to the undisturbed soil at a depth 
C about thirty inches many interesting 
slics have been found. These include 
•aders’ axes, patina-coated bullets, brok- 
i bones, a razor blade, and other metal 
ragments. Studies of the finds show 
ich piece to be readily associated with 
le period of this battle. 

Thorne Deuel, after looking the situa- 
on over carefully, expressed much sat- 
f action. With his assistance a number 
f relics were sent to Arthur Woodward, 
I'irector of Anthropology at Los Angeles 

County Museum. After examining them, 
Mr. Woodward stated that these were 
implements in common use about 1730 
and that many such axes were made 
in Utrecht, Holland. 

Mr. Deuel also asked the opinion of 
George I. Quimley, Jr., of the Depart¬ 
ment of Geology at Louisiana University. 
He placed the period of the pieces sub¬ 
mitted to him at 1700 to 1760. 

One of the bullets was found in the 
heart of a large oak log when it was 
being sawed. It is regrettable that no 
one thought to count the rings of growth 
in the tree. Our friend, John McGregor, 
could have actually checked the calendar 
had he been there. 

An airplane photograph of the Arrow- 
smith site shows the bend in the stream 
and the direction in which it runs. In 
those respects it is almost a complete 
duplication of the map made by DeLery, 
French army engineer at Quebec, upon 
receipt of the report of the battle in 
October 1730. 

While the historical records are rather 
conclusive, the traces that linger have 
helped to tell the story of this conflict. 
Those of us who have examined all data 
pertaining to the Arrowsmith Battlefield 
now feel it is definitely identified as the 
scene of the battle that sealed the fate 
of the Fox nation. 

Relics from Arrowsmith Battlefield (three- 
eighths size). 

First row: Section of bullet-lodged gun barrel 
fashioned into scraper, gun flints. 

Second row: Section of gun barrel, war points for 
arrows. 

Third row: Section of gun barrel, three patina- 
coated musket balls. 

Fourth row: Blade of hunting knife, piece of sheet 
copper used as a patch. 

Fifth row: Razor blade bearing a French name 
(Pierre) Meman) the maker, section of gun 
barrel. 

Sixth row: Two traders axes, piece of bone broken 
to obtain marrow. 
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Fig. 1.—Relics from the Arrowsmith Battlefield. 
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AN ILLINOIS CORNER-TANG 
C. W. Hudelson 

Illinois State Normal University, Normal, Illinois 

One of the most unusual and highly 
rized Indian artifacts is the corner-tang 
r, in everyday words, a special kind of 
nife blade. This is undoubtedly a pre- 
istoric implement which was developed, 
ot by an agricultural race, but by tribes 
dio lived for the most part by hunting. 
In considering the origin of the corner¬ 

ing knife blades it may be assumed that 
lese artifacts did not spring into exist- 
nce with the suddenness of a new chance 
iscovery, but, like most all man-made 
nplements, were gradually developed 
nd perfected throughout long periods 
l time from some basic tool. 
Mr. W. K. Moorehead has suggested 

lat the corner-tang must have been 
sed for cutting soft meat, like that of 
sh, and this suggestion undoubtedly 
institutes the source of the term “fish 
nife,” which is one of the common names 
pplied to these pieces. 
It is a well established fact that the 

.merican aborigines used this tool as a 
vo-edged cutting knife and it is there- 
ire reasonable to assume that the cor- 
er-tang knife represents an evolution 
f the spearhead type of knife. Many 
irner-tangs have a curved edge which 
ould make an excellent knife for skin- 
ing. 
Corner-tangs were made from flint, the 

redominate shape is triangular, and 
le distinctive structural feature is the 
mg. The tang, or projecting prong, is 
le part to which the handle was hafted 
r fastened, and is located at any one of 
number of places, such as the corner, 

ase, back, mid-back, etc. 
The diagonal corner-tang knife should 

robably be regarded as the common or 
;andard type for corner-tang tools, since 
fty per cent of all reported specimens 
re of this type (Fig. 1.). It is generally 
)mposed of a triangular blade with the 

ling located on one of the corners at 
le base, and with the main axis of the 

| mg touching the long axis of the blade 
; an angle of about forty-five degrees. 

! he tang located at this angle would 
lave the effect of raising the free end 

of the attached handle considerably above 
the level of the cutting edge and this 
would make the knife more suitable and 
convenient for skinning than could be 
the case in the hafted base-tang knife. 

According to distribution studies made 
by Professor J. T. Patterson of the Uni¬ 
versity of Texas at Austin published in 
1936 and 1937, corner-tang pieces were 
developed and used in central Texas. 
However, they have been found in the 
group of states located between the Mis¬ 
sissippi River and the Rocky Mountains 
extending from Texas to Montana, and 
also in Illinois and Mississippi. By far 
the greatest number of these artifacts 
have been found in central Texas. The 
main line of distribution follows for the 
most part the course of the Balcones 
Fault Line. The flint exposures through¬ 
out this region furnished an abundant 
supply of raw material from which to 

Fig. 1.—A diagonal corner-tang, actual size. 
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make these unusual stone tools. The 
many large springs along the fault line 
furnished the water necessary for Indian 
habitations, and large herds of game 
animals roamed over this territory even 
after the first white pioneer settlers 
arrived. Once these corner-tangs were 
developed they must have been used by 
succeeding generations of aborigines, 
even down into the times of the pioneer 
whites. Therefore it is not surprising to 
find artifacts in this region which reflect 
the huntsman’s type of life. 

It is interesting to note that B. W. 
Stephens of Quincy, Illinois, reported to 
Professor Patterson a single specimen 
in his own collection from Calhoun Coun¬ 
ty. If others have been found in Illinois, 

they have not been recorded so far as the 
writer knows. 

The writer found his specimen in a 
cornfield due north and about two hun¬ 
dred yards from the Dickson Mound site 
on Sunday, September 29, 1940. Dr. Don 
Dickson made this comment at the time, 
“A corner-tang is one of the rarest 
Indian artifacts to be found in Illinois.” 

The occasional finding of one of these 
coveted and unusual pieces furnishes a 
thrill not to be duplicated in any other 
hobby. The long hours involved, the 
countless miles covered, and the great 
amount of energy expended in its search 
are quickly forgotten when such a prize 
lies safely in one’s hand or pocket. 

PREHISTORIC INDIAN MOUNDS OF CENTRAL 
EASTERN ILLINOIS 

Francis A. Lowry 

Champaign, Illinois 

This report records findings made in 
a survey of the evidence of man’s pre¬ 
vious occupancy of central eastern Illi¬ 
nois. The survey was made during 1939, 

1941, and 1942. 

Piatt, Champaign, Vermilion, Douglas, 
and Coles counties have a combined area 
of 3,357 square miles, all are occupied in 
part by glacial moraines, and all have 
many streams. Large streams in the 
general area are the Wabash to the east, 
the Sangamon to the west, the Kaskas- 
kia, the Embarrass, Salt Fork, Middle 
Fork, and Little Vermilion—all streams 
that would have supplied clear water, 
transportation, and food. These counties 
comprised part of the Illinois prairies, 
surrounded by the heavy timber that 
naturally followed the water courses. 
Even after the white men came, the 
prairies were well stocked with game, 
and must have offered similar attractive 
living conditions to primitive peoples. 

A survey of prehistoric Indian mounds 
in the area was started in 1939. These 
five counties still contain more than 160 

man-made mounds and hundreds of camp 
sites. Many house rings still reveal the 
sites of permanent houses, and many of 
the camp sites still contain artifacts— 
I have picked up as many as 30 arrow¬ 
heads from one site. Many stones that 
show intense heating were probably used 
in the cooking of food. Pottery of both 
grit- and shell-temper is to be found on 
some of the larger sites that were occu¬ 
pied longer. Polished ornaments, grooved 
axes, celts, knives, and drills all give us 
some knowledge of how these early people 

must have lived. 

Vermilion County 

Vermilion County was occupied by In¬ 
dians when the first white settlers came. 
Their Piankishaw settlement on the pres¬ 
ent site of Danville was larger than the 
present city. But evidence of still more 
ancient occupation is found in the 
mounds. On the land now owned by J. S. 
Seyfert, Blount Township, on the Middle 
Fork, stand two mounds on the east side 
of the river. On a high bluff overlooking 
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t wide expanse of lowland is one of the 
argest as well as one of the smallest of 
my of the mounds examined. The largest 
s 70 feet long, 50 feet wide, and fully 10 
Jeet high. Just 60 yards to the north 
s the smallest, not more than 12 feet 
icross and 2 feet high. This land has 
lever been cultivated, and the source of 
;he material used in building the mounds 
s evident in nearby depressions. Neither 
nound has been explored, and on the 
arger stands an oak tree some 18 inches 
n diameter. Not more than half a mile 
;o the southeast on land owned by Harry 
Jenthorn of Veedersburg, Indiana, on 
he east side of the same river, rises a 
•ather high ridge of gravel. Workmen 
•emoving gravel about 40 yards up the 
slope uncovered 16 pits, 3 feet across 
md 4-5 feet deep, sunk in four rows, 
'our pits to the row. Each contained a 
lexed skeleton in a sitting position. The 
>nly artifacts found were flint arrow- 
leads in an oval pottery bowl, discovered 
>y accidentally breaking the bowl. This 
nformation was given me by Mr. Hen- 
horn shortly after the discovery. This 
•ise in land is the shore of what was 
>nce quite a large lake. Three more 
nounds lie just across the river to the 
vest but as yet they have not been 
ixamined. South and east on the bluff of 
his same lake bed are many mounds 
ill of which were explored many years 
igo. Many artifacts of beautiful work- 
nanship have been uncovered in this dis¬ 
trict in late years. In all, Vermilion 
bounty has more than 40 mounds which 
ire still in good repair. 

Champaign County 

The land in Champaign County is more 
evel but there is still evidence that man 
vas here many years ago. In sec. 36, 
Sfewcomb Township, near a bend of San- 
jamon River, are five mounds, some say 
nore, in what is known as Brownfield 
Voods. These were all excavated some 
rears ago and there is little information 
is to the contents. Just over the town¬ 
ship line in Mahomet Township, sec. 1, 
ire three more mounds located on a small 
:reek which flows into the Sangamon. 
They are locally known as the Nancey 

Mounds. Several burials were uncovered 
n taking gravel, but they were not 
recorded. The central mound, located on 

i prominent point of ground almost sur¬ 

rounded by this small stream, was exca¬ 
vated by the Champaign County Archae¬ 
ology Society in May and June of 1939. 
This mound, oval in shape, is approxi¬ 
mately 36 feet wide and 40 feet long 
with a depth of 5 feet to subsoil. The 
excavation is interesting because it dis¬ 
closed three types of burials—flexed, 
cremated, and extended—and yielded 
notched, stemmed, and triangular arrow- 
points, polished slate, and an extensive 
fire-pit. Six skeletons were found at 
different levels. There are many large 
camp sites within a short distance of 
these mounds, and other mounds are to 
be found within a radius of a few miles. 
Additional camp sites are to be found 
along the streams throughout the county. 
There was another mound at the extreme 
south, just north of the county line on 
Fourmile Creek, but it was dug and has 
been cultivated for many years and is 
almost level. It is reported that a large 
flat stone covered this burial. Champaign 
County has 25 mounds that remain visi¬ 

ble. 

Piatt County 

In Piatt County along Sangamon River 
are 37 mounds, located singly, in twos, 
and in groups. The Clark Mounds north 
of Monticello number 21, although at 
least one more has been destroyed. These 
have been pitted, but they are so large 
that little damage has been done. On 
the Allerton estate near what is known 
as Hog Shut bridge is another group on 
the east side of the river; it contains 
nine oval mounds and one elongated 
mound some 15 feet wide by 60 feet 
long. Blue Ridge Township has two, 
and near Atwood a group has been re¬ 
ported but hot yet checked. 

Douglas County 

Localities along the Kaskaskia and the 
Embarrass and in Douglas County reveal 
42 mounds, literally hundreds of camp 
sites, a group of house rings, and Indian 
legends of buried gold. South of Park- 
ville in Douglas County, across Fourmile 
Creek and within 700 yards of the 
mound site in Champaign County, is an 

elongated oval mound some 50 feet long, 
25 feet wide, and about 4 feet high. This 
mound has been pitted. The owner still 
has hopes of riches so we neither dug 
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nor measured. On the Miller farm south 
and west is a group of eight mounds on 
the west side of Kaskaskia River. One 
was trenched throughout the length and 
width but showed nothing but small 
pieces of charcoal, pot sherds, and one 
small notched base arrow. No work was 
done on the remaining mounds. 

North of Ficklin at the Kaskaskia 
school are a number of house rings, and 
many artifacts have been found in this 
location. Still farther north is a rather 
large horseshoe-shaped mound. Several 
mounds are reported near Chesterville. 
Near Villa Grove High School, on the 
banks of the Embarrass, are three large 
mounds. One has been partly dug, but 
the other two are still as the builders 
left them, for the land is in pasture and 
to all knowledge has never been plowed. 
Three miles south of Villa Grove, as the 
river crosses the highway, to the south 
and east lies a group of four mounds, 
two of which show pitting but not much 
damage. 

At Camargo to the south are the 
mounds known as the Camargo group. 
They are five in number and this group 
was chosen for excavation by the Cham¬ 
paign County Society. The mounds are 
laid out almost northeast by southwest. 
Mound number one lies near the edge 
of the bluff and the river and was opened 
in the fall of 1939 and spring of 1940. It 
measures 58 feet east-west and 43 feet 
north-south with a depth of 38 inches 
to subsoil. One complete skeleton, two 
skulls, and three bundle burials were 
found. With the extended skeleton at a 
depth of 37 inches was a platform pipe 
of very soft material and a sharply 
pointed four-sided copper awl 6V2 inches 
long. Slightly above the two skulls at 
depths of 18 and 22 inches was found 
the two halves of a slate gorgett which 
matched perfectly. It contained four 
drillings on one half and three on the 
other. The bundle burials consisted of 
the large bones of the arms and legs. 
All were in quite solid condition and out¬ 
lines could be followed easily. Other 
artifacts were boiling stones, pot sherds, 
and three small arrows. Two areas show 
where extensive fires had been used, and 

charcoal was found in small quantities 
throughout the excavation. 

Mound number two, south and west 
of mound one, was excavated in 1938. 
It measured 65 feet east-west, 45 feet 
north-south. Ten feet from the north 
edge the first of five skeletons was found. 
They lay side by side within 10 feet, and 
two bundle burials took another four 
feet. The rest of the mound was unoc¬ 
cupied. The unusual shape of the mound 
suggests that the original mound and 
burials were made and that the rest 
was added later. With the skeletons 
were two copper axes, a large stone, 
elbow pipe, and a copper spear of cere-, 
monial appearance. 

Mound number three had been pitted, 
by someone over-anxious while the society 
was absent, and all that could be deter- i 
mined was a layer of three or four inches 
of charcoal above the burial place. A 
few particles of bones and a small black 
flint notched arrow was found in the 
dirt that had been removed. 

Mound number four was trenched. At 
a depth of 18 inches lay a layer of char¬ 
coal below which we encountered one of 
the most unusual of all finds—7 inches1 
of almost solid ash, containing human 
bones that were too soft to excavate so 
that only diameters and lengths could 
be measured. The deposit extended 11 
feet north and south and continued be¬ 
yond the length of the trench, which 
was 15 feet east-west. No artifacts were 
found. 

Mound number five of this group 
showed no remains whatever. 

Several more mounds are to be found 
on the Embarrass to the south. 

Coles County 

In Coles County nineteen mounds have 
been located and probably many more 
will be found when work can be resumed. 

In conclusion of this report, the writer 
has reached the belief that the majority 
of facts found in this survey points to 
the existence of twTo ancient cultures, 
seperated by a lapse of time, in central 
eastern Illinois. 
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A METHOD FOR DETERMINING MOUNDS AND MOUND 
GROUPS IN THE WISCONSIN GLACIAL AREA OF 

CENTRAL EASTERN ILLINOIS 
John Bryan Ruyle 

Champaign, Illinois 

Introduction 

In the spring of 1943, the writer, after 
five years of field work, completed an 
archaeological survey of Douglas County, 
Illinois, located 150 miles south of Chi¬ 
cago, Illinois, and 27 miles west of the 
Illinois-Indiana state-line. The archae¬ 
ology of Douglas County is the archaeol¬ 
ogy of its main streams and tributaries, 
as in all other counties. 

The investigation was made chiefly 
along the Embarrass and Kaskaskia riv¬ 
ers. Both rivers originate on the south¬ 
ern slope of a branch of the Champaign 
morainic system. The Embarrass begins 
directly south of the grounds of the Uni¬ 
versity of Illinois and flows through the 
eastern portion of Douglas County. The 
Kaskaskia begins five miles west and 
somewhat north of the city of Cham¬ 
paign, and flows directly south through 
the western part of Douglas County. 
These streams closely resemble each other 
today. Their headwaters are immediately 
adjacent. Both have equal lengths of ap¬ 
proximately 25 miles through the county. 
The widths and depth of the streams are 
nearly constant, and the forest belts 
along their margins are of equal widths. 

Forty mounds and several large camp 
and village sites were found on Embar¬ 
rass River and no mounds and only one 
village site on the Kaskaskia. Flint chips 
picked up on the latter site put it in a 
subordinate role for they show that it 
was probably used by the large bands 
that occupied more permanent camps on 
the Embarrass. The same type of flint 
was found at both places and the same 
method of chipping was employed. All 
of the large camp sites were located on 
the north and east banks of the river. 

A study of a morainic map, distributed 
by the Illinois State Geological Survey, 
shows that in Douglas County Kaskaskia 
River lies several miles to the west of 
any morainic system, while Embarrass 

River, in the northern part of Douglas 
County, crosses the Savoy ridge, a branch 
of the Champaign morainic system. This 
study of the morainic map leads the 
writer to believe that all migrations of 
the prehistoric Indians into the Prairie 
Province were by way of moraines. They 
were the boulevards of a thousand years 
ago across the wet marshy prairies, cor¬ 
responding to the elevated transconti¬ 
nental highways of tomorrow across the 
United States. 

The writer believes that the Indians 
camped on the east banks of the rivers 
not to be safe from prairie fires or be¬ 
cause they were afforded more shelter 
in winter, but because there they found 
heaviest growths of timber and conse¬ 
quently the largest concentrations of 
game and wood. The writer has searched 
the literature regarding the opinions set 
forth herein, and has found that no one 
has ever before expressed similar theo¬ 
ries. These statements are advanced as 
an hypothesis. To state that they hold 
true for all of the 50 counties in the 
Prairie Province, or Early Wisconsin 
glacial area may be erroneous, for that 
would necessitate counting all the 
mounds in that area, many of which 
were long ago obliterated by the plow, 
as well as study of all camp and village 
sites. Likewise it might not hold true 
along large waterways, notably Illinois 
River, even though it may apply to the 
counties of Champaign, Vermilion, Piatt, 
Douglas, McLean, Livingston, and Coles, 
insofar as a systematic survey can show. 

Moraines as Pathways of Migrations 

The moraines that the author believes 
were pathways of Indian migration were 
deposited by the Wisconsin glacier, which 
represents the fourth glacial stage of the 
Pleistocene or last period of geologic 
time. This glacier advanced southward 
into Illinois as far as Paris, Charles- 
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on, and Shelbyville. When the glacier 
eached this position, the melting of the 
ce equaled its advance, so its margin 
yas relatively stationary for a consider¬ 

able time and along it accumulated a 
idge of glacial drift or ice-borne debris. 
This ridge is known as the Shelbyville 
noraine. Subsequently the ice-front re¬ 
eded and readvanced to positions suc¬ 
cessively behind the Shelbyville moraine, 
md there built the Champaign, Bloom- 

ngton, and other moraines. 

After the glacial ice disappeared there 
vas a conflict between the long-stem 
duegrass which thrives east of the 100th 
Meridian, and the deciduous trees to the 
south. The grass won, for the rainfall 
vas insufficient to support forest growth. 
41so, the long-stem bluegrass completed 
ts cycle sooner and shaded out the forest 
seedlings, and the poorly-drained land 
vas not conducive to the growth of the 
seedlings. The Shelbyville and Blooming¬ 
ton morainic systems extended through 
this area, 150 feet high, like planks 
across a muddy road. As they were 
better drained than the flat terrain sur¬ 
rounding them, the east and north sides 
were the first to become wooded. The 
prevailing winds in this area are from 
the west, so the corresponding banks 
of the streams were the first to receive 
tree seeds. The afternoon sun, shining 
on the east and north banks produced 
higher temperatures for growing the 
vegetation than did the morning sun, 
shining on the west and south banks. 

The moraines were first covered by 
trees at their edges, by willows in the 
stagnant pools, then next the sycamores, 
followed by oak-hickory. It is reasonable 
to assume that primitive man used these 
prehistoric highways, for the Prairie 
Province was an ocean of grass with a 
few islands of timber, and only the 
streams had extensive timber belts. In 
these islands of timber, and along the 
streams, lived the animals that would 
feed and clothe the Indians. From the 
tops of the moraines the Indians could 
wage offensive and defensive warfare; 
so the writer believes that the migration 
from the east, north, and west was via 
the moraine systems. There is possibly 
another reason that the prehistoric In¬ 
dian buried his dead on the east bank 
of streams and that is that the east bank 
is more often steeper and higher. 

From the south I believe that entrance 
was gained into the Prairie Province by 
way of the Vermilion, Little Wabash 
and Embarrass rivers. Gurdon Hubbard, 
when trading at Danville, floated a boat 
load of produce to New Orleans, and in 
the early days on Embarrass River, near 
Charleston, there was a large flat-boat 
building concern, so to cross to the region 
in the light canoes of the Indians would 
not have been difficult. A glance at the 
map shows the most direct route via 
water to be by the Embarrass into the 
Prairie Province from the south. By way 
of the Kaskaskia it would have been 
necessary to battle the up-stream current 
of the Mississippi for miles to reach the 
confluence of the Mississippi and Kas¬ 

kaskia. 

Preponderance of Mounds and Camp¬ 

sites on the East and North 

Banks of Streams 

I do not believe, as many archaeolo¬ 
gists do, that the Indians camped and 
lived on the east banks of streams as 
a protection against forest fires. It is 
true that the prevailing winds are from 
the west, but forest fires do not occur in 
winter and spring. In summer and fall 
when the danger is great, the streams 
are low and can be easily waded. Also 
it has been set forth that the Indians 
wanted the protection of the trees against 
winter winds. A glance at a soil map will 
show that the timber belts of streams 
in the area of early Wisconsin glaciation 
are only one-half as wide on the . west 
side as on the east side of the river. 
Research has shown that all hunting 
parties moved into regions where timber 
was thickest and where the largest con¬ 
centrations of game animals are to be 
found. In the area of Wisconsin glacia¬ 
tion this would be on the east and north 
sides of the streams. 

Another feature that might have in¬ 
fluenced their choice was the presence of 
Tabanid flies. County histories and news¬ 
paper items regarding early settlers have 
shown that the horseflies and other spe¬ 
cies of the Tabanid group were so vicious 
that travel could be undertaken only at 
certain hours. They would attack oxen 
and horses; causing them to become un¬ 
controllable, endangering the life of the 
rider or driver. A newspaper item 
regarding an old settler relates that he 
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would often return from a day’s work 
in the field, with his shirt drenched with 
blood as a result of the bites of vicious 
flies. The Tabanid flies bred in the stag¬ 
nant pools of the poorly drained prairies. 
With winds blowing from the west, these 
flies would be blown into the timber lines 

along the west banks. 

To one who thinks that the above facts 
are fanciful, I would like to call your 
attention to the fact that all but one of 
the county seats in the area of Wisconsin 
glaciation area are located on or near 
moraines. The one exception is in Doug¬ 
las County where the first county seat, 
Camargo, was located on a branch of the 
Champaign moraine. All of the early 
towns were located on or close to mo¬ 
raines. The pioneer dead were interred 

in drumlins, kames, or the moraine itself. 
The early schools were also so located. 
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Fig. 1.—CULTURAL OBJECTS FROM CLEAR LAKE VILLAGE. 
(Photograph by William Holling.) 
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5. 
6. 
7. 
8. 
9. 

Polished hematite 6 in. adz, or blade 
Flint spade, with blade edge polished from use 
Shell spoon, with unevenly shaped, oddly placed hole 
Broken platform pipe made from fossil .. 
Section of a stone bar with M groove. (Not yet identified) 
Broken platform pipe made of clay , , , ,. 
Disk-shaped shell bead, perforated through the larger dimension 
Shell bead made from Anculosa praerosa MmHflwn 
End portion of a stone bar, having a partial groove. (Not yet ldentmeaj 
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SOME DATA ON CLEAR LAKE VILLAGE CULTURAL 
OBJECTS 

E. SCHOENBECK 

Peoria Academy of Science, Inc., Peoria, III. 

Data on the incompletely excavated 
Clear Lake village1 given in this paper 
concern material excavated by Mr. and 
Mrs. George Schoenbeck and Anson 
Simpson, members of the Peoria Acad¬ 
emy of Science. It comprises a brief 
account of recently excavated objects of 
particular interest and a list of the shells, 
including the mollusks as identified by 
Dr. Henry van der Schalie2 and the gas¬ 
tropods, identified by Mr. Calvin Good¬ 

rich.3 

The abundant pottery has included two 
out-of-the-ordinary items, not yet identi¬ 
fied, a rim with cameo decoration and 
a sherd with two opposite finished edges, 
which might be described as a 2-inch 
portion of a band 2% inches wide. 

Other objects of interest were two plat¬ 
form pipes, one made from a fossil and 
one from clay; a flint spade similar to 
those of southern Illinois, from the low¬ 
est habitation depth; a flat 6-inch pol¬ 
ished hematite adz, or blade, from the 
upper depth; portions of two stone items, 
not yet identified, described here as bars 
with transverse grooves. Two shell ob¬ 
jects were a disk-shaped bead with cross¬ 
wise perforation (such as might account 
for the previously reported shells with 
variously located cut-out circular por¬ 
tions) and a shell carved into a human 
face in profile. Occasional shell spoons, 
made from Lampsilis ventricosa, each 
show an unevenly shaped hole in the 
center. 

Not yet explained are two sharply de¬ 
fined curved compact layers, each com¬ 
posed of charcoal, sooty rocks, and black¬ 
ened sand, lying one above the other 
with a layer of other sand between. The 
relative position, the outline and the con¬ 
dition of the two layers suggest to the 

writer layers in the rounded bottom of a 
pit approximately 8x6 feet in size, possi¬ 
bly an unopened roasting pit. A concen¬ 
tration of an unusual number of animal 
bones, comprising bison, deer, dog?, 
turtle, beaver, and human bones, lay 
near by. 

The mollusk series, stated to be that 
of a large river with the exception of 
one creek species, Mycromya iris, com¬ 
prised 24 species, including Elliptio dila- 
tatus, E. crassidens, Pleurobema cordon 
turn coccineum, P. cordatum solidum, P. 
cordatum catillus, Fusconaias undata, F. 
flava, Amblema peruviana, Megalonaias 
gigantea, Cyclonaias tuberculata, Pletho- 
basus cyphyus, Quadrula pustulosa, Q. 
nodulata, Micromya iris, Ligumia recta 
latissima, Plagiola lineolata, Actinonaias 
carinata, Proptera alata, Lampsilis ven¬ 
tricosa, L. siliquoidea, L. siliquoidea rosa¬ 
cea, Anodonta grandis, Leptodea. fragilis 
(probably), Lasmigona complanata. 

The presence of a number of Elliptio 
crassidens, a species stated to be more 
common farther south although known 
in Illinois River, more or less as a strag¬ 
gler, and the scarcity of representatives 
of the Anodontinae were noted. 

The gastropods were identified as 13 
species, including Mesodon pennsylvan- 
icus, Mesodon thyroidus, Anguispira al- 
ternata, Anguispira kochi, Allogona pro¬ 
funda, Pleurosera acuta, Physa gyrina, 
Campeloma integra, Lymnaea palustris, 
Lioplax subcarinatus, Helisoma trivolvis, 
Goniobasis livescens, and Anculosa prae- 
rosa. The nearest known habitat of An¬ 
culosa praerosa, a specimen which had 
been made into a bead, was given as 
Grand Chains, Wabash River, Posey 

County, Indiana. 

iThe Clear Lake Village site in Tazewell and Mason counties was originally investigated by the 
University of Chicago and described by Fay-Cooper Cole and Thorne Deuel in “Rediscovering Illinois,’' 
University of Chicago publication, 1937. 

2Dr. Henry van der Schalie, Museum of Zoology, University of Michigan. 
3Mr. Calvin Goodrich, Museum of Zoology, University of Michigan. 
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THE ILLINOIS CONFEDERACY AND MIDDLE 
MISSISSIPPIAN CULTURE. IN ILLINOIS 

Donald E. Wray and Hale G. Smith 

60U Caroline St., Peoria, Illinois 

Introduction 

In the past decade the archaeology of 
the Middlewest and the whole eastern 
United States has been clarified with 
surprising speed, and in place of the 
previous jumble of unrelated cultural 
groups we now have a series of culture 
stages which can be arranged in chron¬ 
ological order. This progress has been 
the result of the careful excavations 
carried on throughout the eastern part 
of the country and has been further 
developed by the application of the Mid¬ 
west taxonomic scheme for classifying 
related cultures. John Bennett described 
the archaeology of the Midwest at our 
meeting last year, but I will again briefly 
summarize the cultural sequences so that 
they will be clear in our minds. 

The major published work for this 
area is Cole and Deuel’s Rediscovering 
Illinois. In this book, based on Fulton 
County material, the authors distinguish 
five cultures. These are, in sequence, the 
Black Sand, Red Ochre, Central Basin, 
and Hopewell, all of these being Wood¬ 
land; followed by the Spoon River focus 
of Middle Mississippian. Another Wood¬ 
land culture, the Maples Mills or Tam¬ 
pico, shows Mississippian influence and 
may have been contemporaneous with 
Spoon River. 

In an article in the American Anthro¬ 
pologist, Ford and Willey have made a 
synthesis of all the material from the 
Mississippi Valley.1 They distinguish five 
major stages of cultural development; 
the archaic, Burial Mound I and II, and 
Temple Mound I and II. The Fulton 
County material corresponds with the 
Ford and Willey scheme in this way; 
Red Ochre is Burial Mound I, Hopewell 
is Burial Mound II; Maples Mills is 
transitional between Burial Mound II 
and Temple Mound I; the Old Village 
at Cahokia is Temple Mound I; Spoon 
River is Temple Mound II as is the 
Trappist aspect at Cahokia. In connec¬ 
tion with the Ford and Willey scheme 
it must be borne in mind that they as¬ 
sume that the Middle Mississippian cul¬ 

tures (Temple Mound I and II) originat¬ 
ed in the lower Mississippi valley and 
spread northward, so that the same t 
culture period is older in the south than 
in the north. 

The facts just outlined are an elab¬ 
oration and confirmation of what has 
been evident in Illinois for some time, 
namely that Middle Mississippi is the 
result of southern influence and repre¬ 
sents a period of expanded population 
in this State. At the same time, Ford 
and Willey find evidence for the sudden 
disappearance of this large population 
just before the entrance of the early 
explorers. They remark, “In areas where 
sites of the early and late Middle Missis¬ 
sippian cultures must have numbered in 
the thousands, not an Indian was to be 
found in the latter part of the 17th 
century when French and English ex¬ 
plorers entered the region. This is prob¬ 
ably true for the Mississippi and Ohio 
valleys and for much of the country 
covered by the Tennessee-Cumberland 
and Lamar cultures.”2 Archaeological 
evidence from Illinois seems to uphold 
this conclusion, since the numerous Mid¬ 
dle Mississippi sites have never yielded 
any trade materials. 

Ford and Willey have used a number 
of criteria, which we cannot discuss now, 
to assign general dates to the periods 
which they have outlined. The latest 
dates, which are the most reliable, are 
the ones with which we are concerned. 
They set the time of Temple Mound I 
in Illinois as from 1500 to 1600, and 
Temple Mound II as from 1600 to 1700J 
These are of course only approximate. 

Archaeological and Historical 

Relationships 

We are now able to approach the main 
area of interest of this paper. We have, 
seen how the archaeological time se¬ 
quence has been constructed to take us 
almost up to 1700. At the same time, 
historical records take us back to 1673, 
the date of the journey of Pere Mar¬ 
quette. It would seem, then, that we 
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might possibly be able to bridge the gap 
and connect archaeology to history. This 
paper is an effort to gather evidence 
which will enable us to determine the 
unknown relationship of archaeological 
cultures to the historically known groups 
which were found in this State. 

In the following pages we will attempt 
to show a relationship between the Illi¬ 
nois confederacy and three archaeological 
cultures, Maples Mills, Middle Missis¬ 
sippi, and Oneota. We will try to show 
the historical events and cultural influ¬ 
ences which operated upon the Illinois 
over a period of nearly two hundred 
years, and led them to change their 
culture twice within this time. Because 
we begin with the historic period and 
work backward, our account from here 
on will move from late to early times. 

The Illinois were a group of confed¬ 
erated Algonkian tribes who at the be¬ 
ginning of the historic period occupied 
southern Wisconsin, northern Illinois, 
and sections of Iowa and Missouri. The 
principal groups in the confederacy were 
the Cahokia, Kaskaskia, Michigamea, 
Moingwena, Peoria, and Tamaroa. Mar¬ 
quette first met a group of the Illinois 
in Iowa near Des Moines, and a year 
later met either the same group or a 
branch of them on Peoria Lake. Joliet’s 
map of 1674 shows the Illinois and Peoria 
Indians a short way up the Des Moines 
River, and the Peoria also at Lake Peo¬ 
ria, and the Kaskaskia Indians near 
Utica. Franquelin in 1684 again places 
the Illinois village at Utica and shows 
several groups of the Miami within a 
few miles of this village. He does not 
show the Peoria village but does place 
Fort Creve Coeur at a point where Tonti 
found the Peoria village, and we know 
that a village did exist at the fort. These 
maps show the Kickapoo Indians on the 
Rock River and the Mascouten Indians 
on the upper Fox River. Other accounts 
refer to the Cahokia and Tamaroa settle¬ 
ments near present East St. Louis. 

With the exception of the Cahokia and 
Tamaroa Indians, the groups referred to 
in the French accounts were all in north¬ 
ern Illinois. The various reports show 
the same tribal groups in widely sep¬ 
arated localities and also show that east¬ 
ern tribes like the Miami were in north¬ 
eastern Illinois at the same time as were 
the Illinois. The Winnebago, Sauk, and 
Fox groups seem to have been confined 

to Wisconsin or at least to the area north 
of the Rock River at this time, although 
there are references to visits between the 
Winnebago and the Illinois. It is to be 
noted that although the Illinois tribes 
were supposed to have been the principal 
inhabitants of the entire Illinois country, 
there are only half a dozen villages noted 
by the French. The population was de¬ 
clining rapidly when the French arrived, 
for in 1694 the Kaskaskias abandoned 
their village near Utica and joined the 
Peorias, and in 1700 went to the site on 
the Mississippi below St. Louis which 

bears their name.8 

Maret in 1712 remarked that “In a 
very great extent of country scarcely 
three or four villages are found.”4 
Charlevoix in 1721 speaks of “the little 
that remains of this nation (Illinois).”8 
It would seem that we have here the final 
stage of that depopulation of the coun¬ 
try which began in late prehistoric times. 
This means also that the Illinois as a 
significant group had disappeared at the 
very beginning of the European contact 
period and were replaced by the Kicka¬ 
poo, Pottawatomie, and other tribes who 
came in from the north and east. If we 
are to look for Illinois remains, then, 
we must expect them to date from the 
time immediately prior to European con¬ 
tact to a very short time after contact. 
This would be the period from about 1650 

to 1725. 
We now must turn to another area 

for more relevant material. In Iowa, 
Minnesota, Wisconsin, Missouri, Arkan¬ 
sas, and Kansas there has been found an 
Upper Mississippi culture known as 
Oneota. This has been identified in Wis¬ 
consin with Winnebago, in Iowa with the 
Oto, and in Missouri with the Missouri. 
The Oneota culture has been correlated 
with the Chiwere Sioux by James Griffin 
and his hypothesis seems to be supported 
by the above evidence. This does not 
mean that other groups may not have 
been influenced by the Oneota culture. 

In northern Illinois there have been 
found a series of Oneota sites. They 
exhibit the same traits which are diag¬ 
nostic of Oneota elsewhere: the sites are 
large and seem to indicate a concentrated 
settlement but for a short time; pottery 
is shell-tempered with rectilinear incised, 
trailed, and punctate designs; often the 
lip is notched or finger impressed; there 
is no cord roughening. Vessels are round- 
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bottomed, with straight or recurved rims 
and two or four handles. Projectile 
points are small, triangular, and un¬ 
notched. Other characteristic implements 
are the grooved hammerstone, paired 
sandstone shaftsmoothers, platform disc 
pipes, incised catlinite tablets, antler 
arrowshaft straighteners, and bone har¬ 
poons. Burials are extended in open 
cemeteries or small mounds.6 

These Oneota sites in Illinois cannot 
be attributed to the historic invasions by 
the Winnebago as almost all of these 
sites are precontact, or show very small 
amounts of trade material, and the 
Winnebago when they moved south of 
the Rock River had many European ma¬ 
terials. This same objection applies to 
the other tribes, the Fox, Sauk, and Pot¬ 
tawatomie, who came into the Illinois 
country after 1725. This would mean 
that the Oneota sites in northern Illinois, 
the last major archaeological group, 
must be attributed to the Illinois tribes 
still remaining there 1650-1725. 

If this is true, we must explain how 
it happened that an Algonkian group like 
the Illinois acquired a culture which 
belonged in neighboring states to Siouan 
tribes with whom the Illinois were often 
fighting. This can be done by reference 
to the historic events which immediately 
preceded the coming of the French. Prior 
to 1655 the Illinois tribes occupied almost 
all of the area of the present state bear¬ 
ing their name. At about that time the 
Iroquois began a series of raids into 
the Illinois country which continued until 
1667. In these raids the Iroquois had the 
great advantage of being armed with 
guns and metal weapons obtained by 
trade with the English on the Atlantic 
coast. The Iroquois raids were motivated 
by the desire to cut off French trade from 
direct contact with the inland tribes, with 
whom the Iroquois were conducting in¬ 
direct trade in furs. The Iroquois had 
by 1667 driven the remnants of the Illi¬ 
nois to the west bank of the Mississippi 
and had disturbed all of the tribes of 
the Middle West.7 The shifting of tribal 
pressure also brought about attacks by 
the Sauk and Fox from the north. Mar¬ 
quette first found the Illinois in Iowa 
and records that they moved back to the 
Illinois River in the following year.8 
Joliet in 1674 shows two villages of Illi¬ 
nois Indians on the Des Moines River 
near villages of the Ponca and Omaha.9 

Here there was intimate contact between 
the Illinois and Siouan groups which had 
Oneota culture. In the south the Michi- 
gamea moved into Missouri where they 
seem to have been in close contact with 
the Quapaw, a branch of the Missouri 
Sioux. In 1680 LaSalle listed the Quapaw 
as members of the Illinois confederacy,10 
and in 1761 DuPratz found the Michi- 
gamea and other Illinois bands living 
with the Quapaw.11 These facts indicate 
that the Illinois were on friendly if not 
intimate terms with the Quapaw and 
must have been influenced by their cul¬ 
ture. 

Here we have the historical conditions 
which could lead to a shift in Illinois 
culture. The raids by the Iroquois and 
resulting pressure from other tribes up¬ 
rooted the Illinois from their settled 
existence and drove them into close con¬ 
tact with the Oneota Siouan groups. By 
the time the French explorers arrived, 
most if not all of the Illinois bands had 
adopted Oneota culture. Here the de¬ 
scriptions of early Illinois customs are 
significant because they describe certain 
features which are present in Oneota and 
are not found in any other culture known 
in Illinois. Marquette speaks of the calu¬ 
met. “It is made of a polished red stone, 
like marble, so pierced that one end 
serves to hold the tobacco, while the other 
is fastened on the stem, which is a stick 
two feet long, as thick as a common cane, 
and pierced in the middle. It is orna¬ 
mented with the head and neck Of differ¬ 
ent birds of beautiful plummage; they 
also add large feathers of red, green, 
and other colors with which it is all 
covered.”12 

This is clearly a type of ceremonial 
pipe which is well known in Siouan and 
other plains groups. The important point 
for us is that Marquette has described 
a polished red stone pipe probably of 
catlinite. The only culture known in Illi¬ 
nois which might have such pipes is the 
Oneota. Marquette also refers to the use 
of buffalo horn spoons and extensive 
hunting of bison.13 Buffalo remains are 
noticeably scarce in village sites in this 
area but do occur at Oneota sites. This 
has been explained in terms of a relative¬ 
ly late migration of the buffalo. 

Although Griffin notes that Oneota is 
similar in many ways to Middle Missis¬ 
sippi, there has not until recently been 
any clear evidence of a close tie between 
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the two. This link has been supplied by 
the Crable site, which is located at the 
southern tip of Fulton County, near 
Bluff City. The Crable site shows a 
composite culture made up almost equal¬ 
ly of Spoon River (Middle Mississippi) 
and Oneota (Upper Mississippi) traits. 
Combined with these is a series of traits 
such as tripod vessels, stone “scepters,” 
and engraved shell gorgets which seem 
related to Ford’s “Buzzard Cult” and 
seem to be derived from the south, possi¬ 
bly the Missouri-Arkansas area. Crable 
differs from previously known Oneota 
sites in that it shows an obvious blending 
of Oneota with another culture and in 
that it contains no European trade ma¬ 
terial. The fact that most Oneota sites 
are contact sites means that the Oneota 
complex is a late development, presum¬ 
ably after 1650. The absence of trade 
material at Crable means that this site 
is one of the earlier manifestations of 
Oneota culture. This conclusion is 
strengthened by the presence at Crable 
of two unassimilated complexes, Oneota 
and Spoon River. Following the hypoth¬ 
esis of this paper, we would explain 
Crable as the result of contact with 
Oneota Siouan groups by a group bear¬ 
ing Spoon River culture. Crable also 
contains material related to the Buzzard 
Cult complex of the lower Mississippi 
valley. These materials must reflect a 
contact with more southern groups. As 
previously mentioned, the Illinois had 
many contacts with the Quapaw, and 
the latter would, by their geographic 
position, be qualified as the transmitter 
of southern influence. It is true that no 
connection has yet been shown between 
the Quapaw or Missouri groups and the 
Buzzard Cult, but it must be remembered 
that the only Missouri sites identified 
are from the eighteenth century, after 
the cult had disappeared. The place to 
look for the desired combination of traits 
would be in the town sites along the 
Mississippi near Memphis. 

The years in which the circumstances 
existed that could produce the combina¬ 
tion found at Crable may be the key for 
putting in chronological order many of 
the cultural changes which were occur¬ 
ring so rapidly in late protohistoric times. 
Granting the assumption made here, 
Crable must have been inhabited at a 
time when the Buzzard Cult, a reaction 
to the declining population and the break¬ 

down of the old culture, was popular; 
after the Illinois had started to adopt 
a new culture because of increased con¬ 
tact with tribes in the west; but before 
European trade material had become 
common enough to be found in archaeo¬ 
logical remains. This could have occurred 
only between the years 1660 to 1725. The 
actual closing date may be earlier than 
1725 because Crable was not mentioned 
in the French accounts. 

The situation at Crable may thus be 
interpreted as showing a change from 
a Middle Mississippian or Spoon River 
culture to the Upper Mississippian One¬ 
ota culture. This must not be thought 
of as taking place in a sharp clearcut 
manner without previous influence be¬ 
tween the cultures. There are indications 
of contact with Oneota in sherds from 
Kingston Lake, Fv49, and from Fv237. 
Bone implements such as the elk or bison 
scapula hoe are suggestive of Oneota 
influence. The extent of such contact in 
particular sites may prove to be a means 
for placing Spoon River sites in sequence 
among themselves. 

We have now traced the Illinois tribes 
to the period where their culture was 
Middle Mississippian. The question may 
be raised as to how an Algonkian people 
like the Illinois happened to be Missis¬ 
sippian in culture while related Algon- 
kians were Woodland. The answer to this 
seems to lie in the geographic position 
of the Illinois. Living as they did along 
the Mississippi and Illinois rivers, they 
were especially susceptible to influences 
from the lower Mississippi valley. The 
expansion of Mississippian culture in the 
Temple Mound I stage would have had 
a great impact on the Woodland groups 
which came into contact with the new 
culture. It was formerly thought that 
Middle Mississippi in Illinois represented 
an actual migration of brachicephalic 
peoples into an area occupied by dolico- 
cephalic stock. This seems to be true 
only in part, as the Middle Mississippian 
skulls from Fulton County show a hybrid 
population in this respect. Further evi¬ 
dence on that point comes from the 
Maples Mills culture. Here we have a 
late but prehistoric Woodland group 
which exhibits strong Mississippian in¬ 
fluence. In some cases it has been 
thought to represent a resurgence of 
Woodland culture after the Mississippian 
occupation. However the internal devel- 
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opment of Maples Mills is toward the 
acceptance of Mississippian forms and 
techniques which would indicate that 
the Woodland culture was being assimi¬ 
lated by the Mississippian. This may 
represent the period in which the Illinois 
abandoned Woodland and took over the 
new Middle Mississippian pattern. This 
thesis is supported by the fact that many 
Middle Mississippian sites contain Ma¬ 
ple Mills material in intimate associa¬ 
tion. This condition exists from Fulton 
County to Aztalan in Wisconsin. It is 
entirely possible that in the early period 
certain bands of the Illinois who had 
become Mississippian in culture lived side 
by side with other bands who still re¬ 
tained Maple Mills culture. 

Summary 

The ancestral groups of the Illinois 
confederacy bore a Woodland culture as 
did the neighboring Algonkian groups. 
The Illinois were influenced heavily by 
southern Mississippian culture because 
of their location along the river trade 
routes. They adopted Middle Mississip¬ 
pian culture completely in the course of 
a century or more. The Maples Mills 
culture is the expression of the contact 
period between Middle Mississippian and 
Woodland patterns and reflects the aban¬ 
donment of Woodland traits. At the 
beginning of the 17th century the Illinois 
bore what is known as the Old Village 
culture and occupied the territory from 
the southern tip of the State to Aztalan 
in Wisconsin. By the middle of the cen¬ 
tury they had been driven south of the 
Rock River and had concentrated along 
the Illinois River. At this time their 
culture was what we know as the Trap- 
pist focus, in Fulton County the Spoon 
River focus. At this time the Iroquois 
began their expansion and drove the 
Illinois into close contact with Oneota 
Siouan groups west of the Mississippi. 
This hastened the adoption of Oneota 
culture although there had been borrow¬ 
ing before. After the Iroquois withdrew 
in 1667 the Illinois moved back into their 
ancestral territory. The Crable site is 
one of the first settlements from this 
wave of repopulation. Other Oneota sites 
in Illinois date from the same time or 
slightly later, and end shortly after 1700, 
when the Illinois either disappeared or 
adopted European culture. 
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Papers in Botany 

From the Report of the Section Chairman 

Seven of the twelve papers listed on the program were presented 
at the Jacksonville meeting; ope was read by title only and the other 
four were not given. One additional paper was presented. 

Nine of the thirteen papers are published herein, the others were: 

Jones, G. Neville, Urbana, Ill., The Genus Viola in Illinois. 

Spaeth, J. Nelson, Urbana, Ill., The Older Forest Plantations of 
Illinois. 

Tiffany, L. H., Evanston, Ill., Oedogonia from Southern Florida. 

Wynd, F. L., Urbana, Ill., Cellular versus Organismic Physiology 
of the Vitamins. 

Dr. L. Wallace Miller, Illinois State Normal University, Normal, 
Illinois, was elected chairman for the year 1943-44. Attendance at the 
meeting was 22. 

(Signed) K. Richard Johnson, Chairman 
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NATURAL REFORESTATION OF STRIP MINES OF 
SALINE COUNTY, ILLINOIS 

Clarence Bonnell 

Township High School, Harrisburg, Illinois 

The workable veins of coal which un¬ 
derlie the northern half of Saline County, 
Illinois, crop out along a northeast-south¬ 
west line southwest of Harrisburg, the 
county seat. Harrisburg is near the cen¬ 

ter of the county. 
Prior to 1900, slope mining was carried 

on in a few places in hillsides along this 
outcrop. Later a number of shaft mines 
were operated in the deeper coal north 
of the outcrop. The depth of the coal is 
increasingly greater north of the outcrop 
and reaches depths of 500 and 600 feet 
at the north boundary of the county. 

The first mining with steam shovels 
in this vicinity began some three miles 
southwest of Harrisburg about 1925. 
Stripping is a means of recovering coal 
which lies within 10 to 60 feet of the 
surface, usually where the overburden 
is too weak to permit mining from shafts. 
Slope tunnels occur where the depth of 
the coal is greater and the cover permits. 
Some strip mines extend to areas which 
have been mined-out from shafts farther 
north. 

At the Sahara Coal Company’s great 
washing plant several miles southwest 
of Harrisburg, both strip and slope min¬ 
ing are done on a scale much greater 
than was done by smaller companies in 
the period some 15 to 20 years ago. At 
Sahara No. 5, the No. 6 coal is brought 
to the surface by an endless conveyor 
from a slope mine which operates in 
coal too deep to be obtained by stripping. 
Another vein under the strip is also 
brought out by the belt system. The 
endless belt in long slopes will probably 
be used in the future when the deep coal 
beyond the old shaft mines is taken out 
from northern Saline and southern Ham¬ 
ilton counties. 

Artificial planting of black locust, 
pines, etc., is carried on by Sahara and 
other large companies in the more recent 
stripping operations. This gives promise 
of much success. 

This account has to do more particu¬ 
larly with the unplanted early strips 

mentioned above where Nature has taken 
over reforestation of the abandoned 
dumps which stripping with steam shov¬ 
els has left southwest of Harrisburg. 

Trees, mostly cottonwoods, ranging up 
to six inches in diameter may be seen 
from State Highway No. 34 at the ex¬ 
treme east end of these early workings. 
The prevalence of this species here is 
probably due to the ease with which wind 
borne seed were scattered, though there 
is a claim that some seeds were scattered 
by man and even that small trees were 

set. 
There is every reason to believe that 

black locust, walnut, hickory, elm, and 
other valuable native species would be 
growing among the cottonwoods if their 
seeds had been distributed. 

A considerable area has recently been 
leveled by use of power machinery. One 
mining engineer estimated that such lev¬ 
eling could be done at a cost of fifty 
dollars an acre in normal times. Excel¬ 
lent gardens have been grown on some of 
these dumps where rainfall and capillary 
action from below are the only sources 
of water. Berries and fruit trees should 
grow well here. A peach tree in full 
blossom and an apple tree with buds just 
bursting were seen a few weeks ago at 
another location on the dump. 

Drainage ditches bordering the south¬ 
ern edge of the dumps at a point where 
operations began earlier than at the area 
just described have an abundant growth 
of native species which have been seeded 
by water carriage in addition to wind 
and animals. It is only a question of 
time till seeds from these ditches and 
from growths along land lines will be 
carried to the higher lying hummocks. 
Trees 30 feet high stand on a near-by 
land line which was entirely cleared of 
timber a generation or two ago. 

Further southeast, there is a good 
showing of young ash trees on the 
very top of a dump where a source of 
seed has been near enough for trans¬ 
portation by natural means. 
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Fig. 1.—A typical reforestation strip mine. 

Still further southeast, elm, and oak 
with cottonwoods of greater diameter 
than the trees mentioned before are 
found. This is where the earliest strip¬ 
ping was done nearly 20 years ago. This 
is at the “Blue Hole,” a strip of water 
three eighths of a mile long, where the 
steam shovel made its last trip. It is 
bounded on the north by a clay bank of 
undisturbed top soil and on the south 
by the dump of soil and shale taken 

from it. 

The “Blue Hole” gets its name from 
the color of its clear water. Some say 
that is due to copperus in the water 
but good fishing is supplied by bass, 
crappie, bluegills, and catfish. It is fre¬ 
quented by bathers. Some drownings 
have occurred there. 

Back of the first line of humps from 
the water and between it and others 
there is a broad level area which appar¬ 
ently was used by trucks in getting coal 
out. This has a fine growth of sweet 
clover. The humps on either side grow 
it also. The material in this locality is 
clay and shale with no limestone but it 

is sweet enough to grow legumes abun¬ 

dantly. 

Whenever the scarcity of land in the 
vicinity will justify the cost of leveling, 
men will take over the area for fruits 
and ordinary farm crops. Areas which 
are not leveled and are let alone will 
eventually produce a succession of trees 
which will be similar to the natural 
growth which originally covered all of 
Saline County. Parts of the area may 
be taken over for pasture land without 

leveling. 

Whether such strips will be made level 
and again used for general farming or 
left as they are and planted in trees, 
they will eventually be returned to use. 
If the processes of Nature go on unas¬ 
sisted, they will at last become forests. 
There is nothing more permanent than 
the land. Man may abuse it or overturn 
it but it will eventually revert to its 
original state of fertility if left alone. 
Only where it is washed away is it lost. 
Most strip mines operate on level land 
where washing away is of less impor¬ 

tance. 
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A PRELIMINARY CHECK LIST OF THE VASCULAR 
PLANTS OF SANGAMON COUNTY, ILLINOIS 

George D. Fuller 

Illinois State Museum, Springfield and 
Department of Botany, University of Chicago 

Sangamon County is situated near the 
southwest part of the prairie portion of 
the State of Illinois, popularly known as 
the “Corn Belt.” Its surface is a nearly 
level plain, rather deeply dissected by the 
Sangamon River and its branches. The 
upland plain was originally covered with 
a rich vegetation of prairie grasses 
whereas forests occupied the stream 
valleys. These forests seem to have oc¬ 
cupied nearly one-third of the entire area 
of the county. At present practically all 
of the upland and more than half of 
the stream valleys are cultivated fields. 
Small remnants of prairie vegetation are 
to be found along the railway right-of- 
way. Some of the forested valleys re¬ 
main, but most of the valuable timber 
has been removed. 

For some unexplained reason the coun¬ 
ty has produced no scientist interested 
in its rich flora, and few botanical col¬ 
lectors seem to have visited its field, 

Ophioglossaceae 

Botrychium obliquum Muhl. 
“ Virginianum (L.) Sw. 

P OLYPODIACEAE 

Cystopteris fragilis (L.) Bernh. 
Onoclea sensibilis L. 
Dryopteris hexagonoptera (Michx.) 

C.Ch. 
Dryopteris thelypteris (L.) Gray 
Polystichum acrostichoides (Michx.) 

Schott. 
Asplenium platyneuron (L.) Oakes. 
Adiantum pedatum L. 

S ALVIN I ACEAE 

Azolla caroliniana Willd. 

Equisetaceae 

Equisetum arvense L. 
“ fluvitile L. 
“ prealtum Raf. 

Typhaceae 

Typha latifolia L. 

Sparganiaceae 

Sparganium eurycarpum Engelm. 

hence its plant life has been relatively 
unknown. Therefore, during the seasons 
of 1940 and 1941, the Illinois State Muse¬ 
um undertook to explore the extent of 

the flora. By means of collectors obtained 
through the WPA, every one of the town¬ 
ships of the county was visited repeated¬ 
ly during the two growing seasons and 
some 4000 plant specimens were taken 

which have been preserved in the her¬ 
barium of the Illinois State Museum. 
Since the project was interrupted in 
1942, due to lack of collectors, it seemed 
desirable to publish this incomplete pre¬ 
liminary check list of some 870 species. 
In compiling this list the nomenclature 

of Deam’s “Flora of Indiana” has been 
followed, supplemented by Hitchcock’s 
“Manual of Grasses of the United 

States,” and Rehder’s “Manual of Culti¬ 
vated Trees and Shrubs Hardy in North 
America,” (Second Edition). 

Potamogetonaceae 

Potamogeton pectinatus L. 
“ spp. 

Alismaceae 

Alisma subcordatum Raf. 
Echinodorus radicans (Nutt.) Engelm. 
Sagittaria latifolia Willd. 

Gramineae 

Bromus ciliatus L. 
“ commutatus Schrad. 
“ purgans L. 
“ secalinus L. 
“ tectorum L. 

Festuca octoflora Walt. 
Glyceria striata (Lam.) Hitchc. 
Poa annua L. 

“ compressa L. 
“ pratensis L. 
“ spp. 

Eragrostis cilianensis (All.) Link 
“ frankii Meyer 
“ hypnoides (Lam.) BSP. 
“ pectinacea (Michx.) Nees 
“ spectabilis (Pursh) Steudel 

Uniola latifolia Michx. 
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Gramineae cont. 
Phragmites communis Trin. 
Dactylis glomerata L. 
Triodia flava (L.) Hitchc. 
Agropyron repens (L.) Beauv. 
Elymus canadensis L. 

“ villosus Muhl. 
“ virginicus L. 

Hordeum jubatum L. 
“ nodosum L. 
“ pusillum Nutt. 

Hystrix patula Moench. 
Lolium perenne L. 
Sphenopholis intermedea (Rydb.) Rydb. 
Calamogrostis canadensis (Michx.) 

Beauv. 
Agrostis alba L. 

“ perennans (Walt.) Tuck. 
Cinna arundinacea L. 
Phleum pratense L. 
Aristida oligantha Michx. 
Eleusine indica (L.) Gaertn. 
Spartina pectinata Link. 
Muhlenbergia mexicana (L.) Trin. 
Leersia oryzoides (L.) Sw. 

“ virginica Willd. 
Digitaria ischaemum (Schreb.) Muhl. 

“ sanguinalis (L.) Scop. 
Panicum capillare L. 

“ dichotoma L. 
“ dichotomiflorum Michx. 
“ latifolium L. 
“ miliaceum L. 
“ scribnerianum Nash. 
“ virgatum L. 
“ villosissimum Nash. 

Echinocloa crusgalli (L.) Beauv. 
Setaria lutescens (Weigel.) Hubb. 

“ viridis (L.) Beauv. 
Andropogon furcatus Muhl. 

“ scoparius Michx. 
Sorghastrum nutans (L.) Nash. 

Cyperaceae 

Cyperus diandrus Torr. 
“ filiculmis Vahl. 
“ rivularis Kunth. 
“ strigosus L. 

Scirpus americanus Pers. 
“ atrovirens Muhl. 
“ cyperinus (L.) Kunth. 
“ lineatus Michx. 
“ validus Vahl. 

Eleocharis obtusa (Willd.) Schultes 
“ tenuis Kunth. 

Carex alopecoides Tuck. 
“ aurea Nutt. 
“ blanda Dewey 
“ cephalophora Muhl. 
“ cepheloidea Dewey 
“ cristatella Britt. 
“ davisii Schw. and Torr. 
“ frankii Kunth. 
“ gravida Bailey 
“ grayii Carey 
“ grisea Wahl. 

Cyperaceae cont. 

Carex hirsutilla Mack. 
“ laxiflora Lam. 
“ lunelliana Mack. 
“ lupulina Nutt. 
“ monile Tuck. 
“ normalis Mack. 
“ pallescens L. 
“ pennsylvanica L. 
“ platyphylla Carey 
“ plana Mack. 
“ rosea Schkuhr. 
“ scoparia Schkuhr. 
“ shortiana Dewey 
“ sparganoides Muhl. 
“ tribuloides Wahl. 
“ vulpinoidea Michx. 

Araceae 

Arisaema dracontium (L.) Schott. 
" triphyllum (L.) Schott. 

Lemnaceae 

Spirodela polyrhiza (L.) Schleid. 
Lemna trisulca L. 

“ minor L. 

COMMELINACEAE 

Commelina communis L. 
“ erecta L. 

Tradescantia canaliculata Raf. 
“ subasper Ker. 
“ virginiana L. 
“ virginiana var. rosea 

JUNCACEAE 

Juncus brachycarpus Engelm. 
“ effusus L. 
“ macer Gray 
“ nodosus L. 

Luzula multiflora (Ehrh.) Lejeune 

Liliaceae 

Uvularia grandiflora Smith 
Hemerocallis fulva L. 
Allium canadense L. 

“ cernuum Roth. 
“ tricoccum Ait. 
“ vineale L. 

Nothoscordum bivalve (L.) Britt. 
Erythronium albidum (Nutt.) 

“ americanum (Ker.) 
Camassia scillioides (Raf.) Cary 
Ornithogallum umbellatum L. 
Muscari botryoides (L.) Mill. 
Asparagus officinalis L. 
Smilacina racemosa (L.) Desf. 

“ stellata (L.) Desf. 
Trillium nivale Riddell 

u recurvatum Beck. 
Polvgonatum biflorum (Walt.) Ell. 

“ pubescens (Willd.) Pursh 
Lilium superbum L. 
Smilax ecirrhata (Engelm.) Wats. 

“ herbacea L. 
“ hispid a Muhl. 
“ rotundifolia L. 
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Amaryllidaceae 

Hypoxis hirsuta (L.) Coville 

Dioscoreaceae 

Dioscorea villosa L. 

Iridaceae 

Iris virginica L. var. shrevei (Small) 
Anderson 

Belamcanda chinensis (L.) DC. 
Sisyrinchium albidum Raf. 

“ angustifolium Mill. 
“ graminoides Bickn. 

Orchidaceae 

Orchis spectabilis L. 
Spiranthes gracilis (Bigel.) Beck 

“ cernua (L.) Richard 
Liparis liliifolia (L.) Richard 

Saururaceae 

Saururus cernuus L. 

Salicaceae 

Populus alba L. 
“ deltoides Marsh. 

Salix alba L. 
“ amygdaloides Anders. 
“ humilis Marsh. 
“ interior Rowlee 
“ nigra Marsh. 

JUGLANDACEAE 

Juglans cinerea L. 
“ nigra L. 

Carya cordiformis (Wang.) K. Koch 
“ glabra (Mill) Sweet 
“ laciniosa (Michx. f.) Loud. 
“ ovata (Mill.) Sweet 
“ tomentosa (Lam.) Nutt. 

Betulaceae 

Carpinus caroliniana Walt. 
Ostrya virginiana (Mill.) K. Koch 
Betula nigra L. 

Fagaceae 

Quercus alba L. 
“ bicolor Willd. 
“ borealis Michx. 
“ imbricaria Michx. 

macrocarpa Michx. 
“ muhlenbergii Engelm. 
“ palustris Muench. 

velutina Lam. 
marilandica Muench. 

Ulmaceae 

Ulmus americana L. 
“ fulva Michx. 

Celtis occidentalis L. 

Moraceae 

Morus alba L. 
“ rubra L. 

Maclura pomifera (Raf.) Schneid. 
Humulus americanus Nutt. 

Moraceae cont. 

Humulus japonicus Sieb. & Zucc. 
“ lupulus L. 

Cannabis sativa L. 

Urticaceae 

Urtica procera Muhl. 
Laportea canadensis (L.) Gaud. 
Pilea pumila (L.) Gray 
Boehmeria cylindrica (L.) Sw. 
Parietaria pennsylvanica Muhl. 

Santalaceae 

Comandra richardsiana Fern. 

Aristolochiaceae 

Asarum canadense L. 

POLYGONACEAE 

Rumex acetosella L. 
“ altissimus Wood 
“ crispus L. 
“ verticillatus L. 

Polygonum aviculare L. 
“ amphibium L. 
“ buxiforme Small 
“ coccineum Muhl. 
“ convolvulus L. 
“ hydropiper L. 
“ lapathifolium L. 
“ monspeliense Thieb. 
“ orientale L. 
“ pennsylvanicum L. 
“ persicaria L. 
“ punctatum Ell. 
“ scandens L. 
“ virginianum L. 

Chenopodiaceae 

Atriplex patula L. 
Chenopodium album L. 

“ ambrosioides L. 
“ boscianum Moq. 
“ berlandieri Moq. 

Kochia scoparia (L.) Schrad. 
Salsola pestifer Nelson 

Amaranthaceae 

Amaranthus blitoides Wats. 
“ graecizans L. 
“ hybridus L. 
“ retroflexus L. 
“ spinosus L. 

Acnida altissima Riddell 
“ altissima var. subnuda (Wats.) 

Standley 
“ tamariscina (Nutt.) Wood 

Froelichia gracilis (Hook.) Moq. 

Nyctaginaceae 

Oxybaphus nyctagineus (Michx.) Sweet 

Phytolaccaceae 

Phytolacca americana L. 

Aizoaceae 

Mollugo vertillata L. 
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PORTULACACEAE 

Claytonia virginica L. 
Portulaca oleracea L. 

Caryophyllceae 
Stellaria longifolia Muhl. 

“ media (L.) Cyril. 
Cerastium arvense L. 

“ nutans Raf. 
“ vulgatum L. 

Arenaria lateriflora L. 
“ serpyllifolia L. 

Paronychia canadensis (L.) Wood 
Agrostemma githago L. 
Silene antirrhina L. 

“ latifolia (Mill.) B. and B. 
“ nivea (Nutt.) Otth. 
“ noctiflora L. 
“ stellata (L.) Ait. 
“ stellata var. scabrella Nieuwl. 

Lychnis alba Mill. 
Saponaria officinalis L. 

“ vaccaria L. 

Nymph aeaceae 
Nelumbo pentapetala (Walt.) Fern. 
Nuphar advena Ait. 

Ceratophyllaceae 
Ceratophyllum demersum L. 

Ranunculaceae 
Hvdrastis canadensis L. 
Isopyrum biternatum (Raf.) T.&G. 
Actaea alba (L.) Mill. 
Aquilegia canadensis L. 
Delphinium ajacis L. 

“ tricorne Michx. 
Anemone canadensis L. 

“ cylindrica Gray 
" virginiana L. 

Anemonella thalictroides (L.) Spach. 
Hepatica acutiloba DC. 
Clematis pitcheri T.&G. 

“ viorna L. 
“ virginiana L. 

Myosurus minimus L. 
Ranunculus abortivus L. 

“ fascicularis Muhl. 
“ hispidus Michx. 
“ pennsylvanicus L. 
“ recurvatus Poir. 
" septentrionalis Poir. 

Thalictrum dasycarpum F.&L. 
“ dioicum L. 
“ revolutum DC. 

Berberidaceae 
Podophyllum peltatum L. 
Caulophyllum thalictroides (L.) Michx. 
Berberis vulgaris L. 

Menispermaceae 
Menispermum canadense L. 

Anonaceae 
Asimina triloba (L.) Dunal. 

Lauraceae 
Sassafras albidum (Nutt.) Nees. 
Benzoin aestivale (L.) Nees. 

Papaveraceae 
Sanguinaria canadensis L. 
Papaver rhoes L. 

Fumariaceae 
Dicentra canadensis (Goldie) Walp. 

“ cucullaria (L.) Bernh. 

Cruciferae 
Lepidium campestre (L.) R.Br. 

“ virginicum L. 
Thlaspi arvense L. 
Sisymbrium officinale (L.) Scop. 

“ altissimum L. 
Brassica juncea (L.) Cosson. 

“ nigra (L.) Koch. 
Barbarea vulgaris R.Br. 
Iodanthus pinnatifidus (Michx.) Steud. 
Roripa sessiliflora (Nutt.) Hitchc. 

“ * palustris (L.) Bess. 
Nasturtium officinale R.Br. 
Armoricia rusticana Gaertn. 

“ aquatica (Eaton) Wieg. 
Cardamine bulbosa (Scherb.) BSP. 
Dentaria laciniata Muhl. 
Capsella bursa-pastoris (L.) Medic. 
Draba reptans (Lam.) Fern. 
Descurainia brachycarpa (Rich.) Schulz. 
Arabis canadensis L. 

“ dentata T.&G. 
“ lyrata L. 
“ virginica (L.) Poir. 

Erysimum cheiranthoides L. 
Hesperis matronalis L. 
Conringia orientalis (L.) Dumort. 

Capparidaceae 
Polanisia graveolens Raf. 

Crassulaceae 
Sedum ternatum Michx. 
Penthorum sedoides L. 

Saxifragaceae 
Heuchera hirsuticaulis Wheelock 

“ hispida Pursh. 
Hydrangea arborescens L. 
Ribes missouriense Nutt. 

Platanaceae 
Platanus occidentalis L. 

Rosaceae 
Aruncus dioicus (Walt.) Fern. 
Malus ioensis (Wood) Britt. 
Amelanchier canadensis (L.) Medic. 
Crataegus crus-galli L. 

“ farwellii Sarg. 
“ margaretta Ashe 
“ mollis (T.&G.) Scheele 
“ punctata Jacq. 
“ pruinosa (Wendl.) Koch 
“ spp. 
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Rosaceae cont. 
Rubus allegheniensis Porter 

“ hispidus L. 
“ occidentals L. 
“ villosus Ait. 
“ spp. 

Fragaria virginiana Duchesne 
Potentilla argentea L. 

“ arguta Pursh. 
“ monspeliensis L. 
“ recta L. 
“ simplex Michx. 

Geum canadense Jacq. 
“ macrophyllum Willd. 
“ strictum Ait. 
“ vernum (Raf.) T.&G. 
u virginianum L. 

Agrimonia gryposepala Wallr. 
“ parviflora Ait. 
“ pubescens Wallr. 
“ rostellata Wallr. 

Rosa blanda Ait. 
“ Carolina L. 
“ palustris Marsh. 
“ setigera Michx. 

Prunus americana Marsh. 
“ hortulana Bailey 
“ lanata (Sudw.) M.&B. 
“ mahaleb L. 
“ persica (L.) Stokes 
“ serotina Ehrh. 

Leguminoseae 

Cassia fasciculata Michx. 
“ marilandica L. 

Cercis canadensis L. 
Gleditsia triacanthos 
Gymnocladus dioica (L.) Koch 
Baptisia leucantha T.&G. 
Medicago lupulina L. 

“ sativa L. 
Melilotus alba Desr. 

“ officinalis (L.) Lam. 
Trifolium agrarium L. 

“ hybridum L. 
“ procumbens L. 
“ pratense L. 
“ repens L. 

Psoralea onobrychis Nutt. 
“ tenuiflora Pursh. 

Amorpha canescens Nutt. 
“ fruticosa L. 

Petalostemum candidum (Willd.) Michx. 
“ purpureum (Vent.) Rydb. 

Tephrosia virginiana (L.) Pers. 
“ virginiana var. holoserica 

(Nutt.) T.&G. 
Robinia nseudo-acacia (L.) Pers. 
Astragalus canadensis L. 
Desmodium acuminatum (Michx.) DC. 

canadense (L.) DC. 
“ canescens (L.) DC. 
“ dillenii Dari. 
“ illinoiense Gray 

nudiflorum (L.) DC. 
paniculatum (L.) DC. 
viridiflorum (L.) Beck. 

Leguminoseae cont. 
Lespedeza capitata Michx. 

“ hirta (L.) Horem, 
“ intermedia (Wats.) Britt. 
“ procumbens Miehx. 
“ violacea (L.) Pers. 
“ virginica (L.) Britt. 

Vicia villosa Roth. 
Lathyrus ochroleucus Hook. 
Amphicarpa bracteata (L.) Fern. 
Apios americana Medic. 
Strophostyles helvola (L.) Britt. 

“ leiosperma (T.&G.) Piper 

Geraniaceae 

Geranium bicknellii Britt. 
“ carolinium L. 
“ maculatum L. 

0 X ALIDACE AE 

Oxalis europaea Jordan 
“ grandis Small 
“ stricta L. 
“ violacea L. 

Zygophyllaceae 

Tribulus terrestris L. 

Rutaceae 

Zanthoxylum americanum L. 
Ptelea trifoliata L. 

POLYGALACEAE 

Polygala sanguinea L. 
“ verticillata L. 

Euphorbiaceae 

Croton glandulosus L. 
Acalypha ostryaefolia Riddell 

“ virginica L. 
Euphorbia corollata L. 

“ cyparissias L. 
“ dentata Michx. 
“ geyeri Engelm. 
“ glyptosperma Engelm. 
“ heterophylla L. 
“ maculata L. 
“ marginata Pursh 
“ supina Raf. 

Limnanthaceae 

Floerkea proserpinacoides Willd. 

Anacardiaceae 

Rhus glabra L. 
“ radicans L. 
“ typhina L. 

Celastraceae 

Evonymus atropurpureus Jacq. 
Celastrus scandens L. 

Staphyleaceae 

Staphylea trifolia L. 
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Aceraceae 

Acer negundo L. 
“ nigrum Michx. f. 
“ saccharinum L. 
“ saccharum Marsh. 
“ saccharum var. rugelii (Pax) 

Rehder 

HIPPOC AST AN ACEAE 

Aesculus glabra Willd. 

Balsaminaceae 

Impatiens biflora Walt. 
“ pallida Nutt. 

Rhamnaceae 

Rhamnus lanceolata Pursh 
Ceanothus americanus L. 

VlT ACEAE 

Vitis aestivalis Michx. 
“ cinerea Engelm. 
“ riparia Michx. 

Parthenocissus quinquefolia (L.) Planch. 

Tiliaceae 

Tilia americana L. 

Malvaceae 

Abutilon theophrasti Medic. 
Malva rotundifolia L. 
Callirhoe triangulata (Leavenw.) Gray 
Napaea dioica L. 
Sida spinosa L. 
Hibiscus militaris Cav. 

Hypericaceae 

Hypericum mutilum L. 
“ perforatum L. 
“ prolificum L. 
“ punctatum Lam. 
“ sphaerocarpum Michx. 

ClSTACEAE 

Lechea tenuifolia Michx. 
Helianthemum canadense (L.) Michx. 

Violaceae 

Viola arvense Murr. 
“ canadensis L. 
“ ericarpa Schwein. 
“ missouriensis Greene 
“ palmata L. 
“ papilionacea Pursh 
“ pubescens Ait. 
“ rafinesquii Greene 
“ scabriuscula Schwein. 
“ sororia Willd. 
“ sagittata Ait. 
“ striata Ait. 
“ tricolor L. 

LYT HR ACEAE 

Ammannia coccinea Rottb. 
Lythrum alatum Pursh 
Cuphea petiolata (L.) Koehne 

Onagraceae 

Jussiaea diffusa Forskal. 
Ludwigia palustris (L.) Ell. 

“ alternifolia L. 
Epilobium coloratum Muhl. 
Oenothera biennis L. 

“ cruciata Nutt. 
“ laciniata Hill 
“ pilosella Raf. 
“ rhombipetala Nutt. 

Gaura biennis L. 
“ parviflora Dougl. 

Circaea latifolia Hill 

Haloragidaceae 

Myriophyllum spicatum Fern. 
“ heterophyllum Michx. 

Arallaceae 

Aralia nudicaulis L. 
Panax quinquefolium L. 

Umbelliferae 

Sanicula canadensis L. 
“ gregaria Bickn. 
“ marilandica L. 
“ trifoliata Bickn. 

Eryngium yuccaefolium Michx. 
Chaerophyllum procumbens (L.) Crantz. 
Osmorrhiza claytoni (Michx.) Clarke 

“ longistylis (Torr.) DC. 
Zizia aurea (L.) Koch. 
Cicuta maculata L. 
Cryptotaenia canadensis (L.) DO. 
Carum carvi L. 
Taenidia integerrima (L.) Drude 
Perideridia americana (Nutt.) Reichenb. 
Sium suave Walt. 
Thaspium trifoliatum (L.) Britt, var. 

“ “ flavum Blake 
Angelica atropurpurea L. 
Oxypolis rigidor (L.) Raf. 
Pastinaca sativa L. 
Heracleum lanatum Michx. 
Daucus carota L. 

CORNACEAE 

Cornus asperifolia Michx. 
“ racemosa Lam. 

Ericaceae 

Monotropa uniflora L. 

Primulaceae 

Samolus pauciflorus Raf. 
Lysimachia ciliata L. 

“ lanceolata Walt. 
“ longifolia Pursh 
“ nummularia L. 
“ thyrsiflora L. 

Dodecatheon meadia L. 

Oleaceae 

Fraxinus americana L. 
“ lanceolata Borkh. 
“ pennsylvanica Marsh. 
“ quadrangulata Michx. 
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Gentianaceae 

Gentiana andrewsii Griseb. 

Apocynaceae 

Amsonia tabernaemontana Walt. 
Vinca minor L. 
Apocynum androsaemifolium L. 

“ cannabinum L. 
“ cannabinum var. pubescens 

(Mitchell) A.DC. 

A SCLEPIADACEAE 

Acerates floridana (Lam.) Hitchc. 
“ viridiflora (Raf.) Eaton 

Asclepias incarnata L. 
“ purpurascens L. 
“ phytolaccoides Pursh 
“ syriaca L. 
“ sullivantii Engelm. 
“ verticillata L. 

Gonolobus gonocarpus (Walt.) Perry 

CONVOLVULACEAE 

Cuscuta gronovii Willd. 
“ pentagona Engelm. 
“ spp. 

Convolvulus arvensis L. 
“ repens L. 
“ sepium L. 

Ipomoea hederacea Jacq. 
“ lacunosa L. 
“ pandurata (L.) Mey 
“ purpurea (L.) Roth. 

POLEMONIACEAE 

Phlox bifida Beck 
“ divaricata L. 
“ glaberrima L. 
“ paniculata L. 
“ pilosa L. 

Polemonium reptans L. 

Hydrophyllaceae 

Hydrophyllum appendiculatum Michx. 
“ macrophyllum Nutt. 
“ virginicum L. 

Ellisia nyctelea L. 
Phacelia bipinnatifida Michx. 

Boraginaceae 

Heliotropium indicum L. 
Cynoglossum officinale L. 
Lappula echinata Gilib. 
Hackelia virginium (L.) Johnston 
Myosotis scorpioides L. 

“ virginica (L.) BSP. 
Mertensia virginica (L.) Link 
Lithospermum arvense L. 

“ canescens (Michx.) Lehm. 
“ croceum Fern. 
“ incisum Lehm. 

Verbenaceae 

Verbena bracteata Lag. & Rodr. 
“ hastata L. 

simplex Lehm. 
“ stricta Vent. 

Verbenaceae cont. 
“ urticaefolia L. 

Phyla lanceolata (Michx.) Greene 

Labiatae 

Teucrium canadense L. 
Scutellaria galericulata L. 

“ lateriflora L. 
“ ovata Hill 
“ ovalifolia Pers. 
“ parvula Michx. 

Marrubium vulgare L. 
Agastache nepetoides (L.) Ktze. 
Nepeta cataria L. 
Glecoma hederacea L. 
Glecoma hederacea var. parviflora 

(Benth.) House 
Prunella vulgaris L. 
Physostegia virginiana (L.) Benth. 
Leonurus cardiaca L. 

“ marrubiastrum L. 
Stachys asper Michx. 

“ hispida Pursh 
“ palustris L. 
“ tenuifolia Willd. 

Salvia lyrata L. 
Monarda bradburiana Beck. 

“ fistulosa L. 
“ “ var. mollis (L.) 

Benth. 
Blephilia ciliata (L.) Raf. 

“ hirsuta (Pursh) Benth. 
Hedeoma pulegoides (L.) Pers. 

“ hispida Pursh 
Pycnanthemum flexuosum (Walt.) BSP. 

“ pilosum Nutt. 
“ virginianum (L.) D.&J. 

Lycopus americanus Muhl. 
“ virginicus L. 

Mentha arvensis L. 
“ canadensis L. 
“ spicata L. 
“ piperita L. 

Solanaceae 

Physalis heterophylla Nees. 
“ lanceolata Michx. 
“ pubescens L. 
“ subglabrata Mack. & Bush. 

Solanum carolinense L. 
“ dulcamara L. 
“ nigrum L. 
“ rostratum Dunal. 

Datura stramonium L. 

Scrophulariaceae 

Verbascum blattaria L. 
“ thapsus L. 

Kickxia elatine (L.) Dumort. 
Linaria canadensis (L.) Dumort. 

“ vulgaris Hill 
Chaenorrhinum minus (L.) Lange. 
Collinsia verna Nutt. 
Scrophularia lanceolata Pursh 

“ marilandica L. 
Chelone glabra L. 
Pentstemon digitalis Nutt. 
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SCROPHULARIACEAE COnt. 
Pentstemon hirsutus (L.) Willd. 

“ pallidus Small 
Mimulus alatus Ait. 

“ ringens L. 
Leucospora multifida (Michx.) Nutt. 
Lindernia dubia (L.) Pennell 
Veronica arvense L. 

“ peregrina L. 
“ serpyllifolia L. 

Veronicastrum virginicum (L.) Farw. 
Dasistoma macrophylla (Nutt.) Farw. 
Gerardia tenuifolia Vahl. 
Aureolaria flava (L.) Farw. 

“ grandiflora (Benth.) Penn. 
“ pedicularia (L.) Raf. 
“ virginica (L.) Farw. 

Melampyrum lineare Lam. 
Pedicularis canadensis L. 

Bignoniaceae 

Campsis radicans (L.) Seeman 
Catalpa speciosa Warder 

Lentibulariaceae 

Utricularia macrorhiza Le Conte 

Acanthaceae 

Ruellia caroliniensis (Walt.) Streud. 
“ pedunculata Torr. 
“ strepens L. 

Dianthera americana L. 

Phrymaceae 

Phryma leptostachya L. 

Plantaginaceae 

Plantago aristata Michx. 
“ lanceolata L. 
“ major L. 
“ rugelii Dene. 
“ virginica L. 

Rubiaceae 

Houstonia longifolia Gaertn. 
“ purpurea L. 

Cephalanthus occidentalis L. 
Diodia teres Walt. 
Spermacoce glabra Michx. 
Galium aparine L. 

“ asprellum Michx. 
“ circaezens Miehx. 
“ concinnum T.&G. 
“ pilosum Ait. 
“ tinctorium L. 
“ triflorum Michx. 

Caprifoliaceae 

Sambucus canadensis L. 
Viburnum acerifolium L. 

“ lentoga L. 
“ prunifolium L. 

Triosteum aurantiacum Bickn. 
“ perfoliatum L. 

Symphoricarpos orbiculatus Moench. 
“ rivularis Suksdorf. 

Caprifoliaceae cont. 
Lonicera dioica L. 

“ sempervirens L. 

Valerian aceae 

Valeriana pauciflora Michx. 

Dipsacaceae 

Dipsacus sylvestris Huds. 

CUCURBITACEAE 

Echinocystis lobata (Michx.) T.&G. 
Sicyos angulatus L. 
Cucurbita foetidissima HBK. 

Campanulaceae 

Campanula americana L. 
Specularia perfoliata (L.) A. DC. 

Lobeliaceae 

Lobelia cardinalis L. 
“ kalmii L. 
“ inflata L. 
“ siphilitica L. 
“ spicata Lam. 

COMPOSITAE 

Vernonia altissima Nutt. 
“ fasciculata Michx. 
“ missurica Raf. 

Elephantopus carolinianus Raenschel. 
Eupatorium altissimum L. 

“ coelestinum L. 
“ maculatum L. 
“ perfoliatum L. 
“ purpureum L. 
“ rugosum Houtt. 
“ serotinum Michx. 
“ sessilifolium L. 

Kuhnia eupatorioides L. 
Liatris pycnostachya Michx. 

“ squarrosa Willd. 
“ spicata (L.) Willd. 

Solidago altissima L. 
“ caesia L. 
“ canadensis L. 
“ gigantea Ait. 
“ gigantea var. leiophylla Fern. 
u gilvocanescens Rydb. 
“ glaberrima Martens 
“ graminifolia (L.) Salisb. 
“ juncea Ait. 
“ latifolia L. 
“ media (Greene) Bush 
“ nemoralis Ait. 
u rigida L. 
u speciosa Nutt. 
“ ulmifolia Muhl. 

Boltonia asteroides (L.) Her. 
Aster azureus Lindl. 

“ cordifolius L. 
“ drummondii Lindl. 
“ ericoides L. 
“ laevis L. 
“ lateriflorus (L.) Britt. 
" novae-angliae L. 
“ paniculatus Lam. 
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Compositae cont. 
Aster patens Ait. 

“ pilosus Willd. 
“ “ var. demotus Blake 
“ sagittifolius Willd. 
“ salicifolius Willd. 
" shortii Lindl. 

Erigeron annuus (L.) Pers. 
“ canadensis L. 
“ divaricatus Michx. 
“ philadelphicus L. 
“ pulchellus Michx. 

Antennaria falax Greene 
“ plantaginifolia (L.) Richards 

Anaphalis margaritacea (L.) Gray 
Gnaphalium obtusifolium L. 

“ purpureum L. 
Polymnia canadensis L. 
Silphium integrifolium Michx. 

“ laciniatum L. 
“ perfoliatum L. 
“ terebinthinaceum Jacq. 

Parthenium integrifolium L. 
Iva ciliata Willd. 

“ xanthifolia Nutt. 
Ambrosia bidentata Michx. 

“ elatior L. 
“ trifida L. 
“ coronopifolia T.&G. 

Xanthium pennsylvanicum Wallr. 
Heliopsis helianthoides (L.) Sweet 

“ scabra Dunal. 
Eclipta alba (L.) Hassk. 
Rudbeckia hirta L. 

“ laciniata L. 
“ “ var. humilis Gray 
“ subtomentosa Pursh 
“ triloba L. 

Brauneria purpurea (L.) Britt. 
“ pallida (Nutt.) Britt. 

Ratibida pinnata (Vent.) Barnh. 
Helianthus angustifolius L. 

“ annuus L. 
“ divaricatus L. 
“ giganteus L. 
“ grosseserratus Martens 
“ hirsutus Raf. 
“ microcephalus T.&G. 
“ occidentalis Riddell 
“ petiolaris Nutt. 
“ rigidus (Cass.) Desf. 
“ scaberrimus Ell. 
“ strumosus L. 

Actinomeris alternifolia (L.) DC. 

Verbesina helianthoides Michx. 
Coreopsis lanceolata L. 

“ palmata Nutt. 
“ tripteris L. 

Bidens aristosa (Michx.) Britt. 
“ bipinnata L. 
“ cernua L. 
“ comosa (Gray) Weig, 
“ discoidea (T.&G.) Britt. 
“ frondosa L. 
“ involucrata (Nutt.) Britt. 
“ laevis (L.) B.S.P. 
“ trichosperma (Michx.) Britt. 

Galinsoga ciliata (Raf.) Blake 
Helenium autumnale L. 

“ nudiflorum Nutt. 
Dyssodia papposa (Vent.) Hitchc. 
Anthemis cotula L. 
Achillea millefolium L. 
Matricaria matricarioides (Les.) Porter 
Chrysanthemum leucanthemum L. 
Tanacetum vulgare L. 
Cacalia atriplicifolia L. 

“ tuberosa Nutt. 
Senecio aureus L. 

“ glabellus Poir. 
Erechtites hieraeifolia (L.) Raf. 
Arctium minus (Hill) Berhn. 
Cirsium arvense (L.) Scop. 

“ discolor (Muhl.) Spring. 
“ muticum Michx. 
“ vulgare (Savi.) Airy-Shaw 

Cichorium intybus L. 
Krigia biflora (Walt.) Blake 

“ virginica (L.) Willd. 
Tragopogon pratensis L. 
Taraxacum officinale Weber 
Sonchus arvensis L. 

“ asper (L.) Hill 
Lactuca canadensis L. 

“ “ var. integrifolia 
(Bigel) Gray 

“ floridana (L.) Gaertn. 
“ scariola L. 
** spicata (Lam.) Hitchc. 
“ villosa Jacq. 

Pyrrhopappus carolinanus (Walt.) DC. 
Prenanthes alba L. 

“ crepidinea Michx. 
Hieracium gronovii L. 

“ longipilum Torr. 
“ scabrum Michx. 
“ venosus L. 
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PRELIMINARY REPORT ON THE BRYOPHYTES OF 
BOIS BLANC ISLAND 

Opal C. Hartline 

Illinois State Normal University, Normal 

The bryophytes listed are from a col¬ 
lection made in one day on Bois Blanc in 
July 1942. The trip was made possible 
by Dr. William Campbell Steere from 
the University of Michigan Biological 
Station at Cheboygow, Michigan. 

All identifications made by the writer 
were checked by Dr. Steere. Many speci¬ 
mens not listed have yet to be checked. 

Hapaticae 

Ptilidiaceae 
Ptilidium pulcherrimum (Web.) 

Hampe 
Trichocolea tomentella (Ehrh.) 

Dumort 
Harpanthaceae 

Lophocolea minor Nees 
Chiloscyphus fragilis (Roth) Schiffn. 
Chiloscyphus pallescens (Ehrh.) 

Dumort 
J ungermanniaceae 

Jungermannia lanceolata L. 
Porellaceae 

Porella platyphylloidea (Schwein.) 
Lindb. 

Radulaceae 
Radula complanata (L.) Dumort. 

Frullaniaceae 
Frullania eboracensis Gottsche 

Lejeunaeceae 
Lejeunea cavifolia (Ehrh.) Lindb. 

Marchantiaceae 
Marchantia polymorpha L. 

Musci 

Tetraphidaceae 
Tetraphis pellucida Hedw. 

Polytrichaceae 
Poly trichum jumiperinum Hedw. 

Fissidentaceae 
Fissidens adiantoides Hedw. 

Ditrichaceae 
Ceratodon purpureus 

Dicranaceae 
Dicranum flagellare Hedw. 
Dicranum montanum Hedw. 
Dicranum ovide (Sull & Lesq.) Lindb. 
Dicranum rugosum (Hoffm.) Brid. 
Dicranum scoparium Hedw. 

Oncophorus Wahlenbergii Brid. 
Leucobryaceae 

Leucobryum glaucum (Hedw.) Schimp. 
Buxbaumiaceae 

Buxaumia aphylla Hedw. 
Pottiaceae 

Barbula convoluta Hedw. 
Barbula unguiculata Hedw. 
.Tortella tortuosa (Turn.) Limpr. 

Funariaceae 
Funaria hygrometrica Hedw. 

Orthotrichaceae 
Orthotricum speciosum Nees. 
Ulota crispa (Hedw.) Brid. 

Aulacomniaceae 
Aulacomnium palustre (Web. & 

Mohr.) Schwagr. 
Bartramiaceae 

Philonotis fontana (Hedw.) Brid. 
Bryaceae 

Bryum caespiticum (L.) Hedw. 
Bryum argenteum (L.) Hedw. 
Pohlia nutans (Hedw.) Lindb. 
Pohlia Wahlenbergii (Web. & Mohr.) 

Andrews 
Rhodobryum roseum (Bry. Eur.) 

Limpr 
Mniaceae 

Mnium affine Bland. 
Mnium cuspidatum Hedw. 
Mnium spinulosum Bry. Eur. 
Mnium punctatum Hedw. 

Hypnaceae 
Climacium Americanum Brid. 
Calliergonella Schreberi (Bry. Eur.) 

Grout . . 
Campylium hispidulum (Brid.) Mitt. 
Drepanacladus aduncus (Hedw.) Bry. 

Eur. 
Hypnum reptile Mx. 

Hypnum curvifolium Hedw. 
Pylaisia Selwynii Kindb. 
Phytidiadelphus triquetrus (Hedw.) 

Warnst. 
L6Sk6ciC6ci6 

Thuidium delicatulum (Hedw.) Mitt. 

Neckeraceae 
Neckera pennata Hedw. 

Leucodontaceae 
Leucodon sciuroides (Hedw.) 

Schwaegr. 
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PRAIRIES AND FORESTS OF McLEAN COUNTY, 
ILLINOIS 

Blanche McAyoy 

Illinois State Normal University, Normal, Illinois 

Lucy Braun says that the prairies of 
Adams County, Ohio, owe their entrance 
and establishment to past conditions, that 
they are relic colonies, and that they 
entered the region at a time unlike the 
present. She goes on to say that certain 
vegetational remnants found at Mineral 
Springs are the result of a warm dry 
climate leading to the establishment of 
a prairie climax. 

Homer C. Sampson in 1921 says in 
regard to the Prairies of Illinois, “The 
depressions, resulting from the formation 
of moraines across preglacial valleys be¬ 
came postglacial lakes and sloughs which 
were slowly drained. In general the 
moraines became forested, but many of 
the lakes and sloughs through gradual 
filling and draining became prairies.” 
However, he makes no explanation of the 
origin of this phenomenon. 

George H. Lane, writing of his pollen 
studies in north central Iowa in 1931 

j says, “Climatic changes inferred from 
1 changes in the vegetation as determined 
from pollen analysis are, (a) warming 
from 15 ft. to 10 ft., (b) gradual drying 

; from 15 ft. to 8 ft. and (c) grassland 
climate above 8 ft.—of distinctly arid 

j type at 8 ft. and at the 5, 4, and the 3 
foot levels. No indication was found of 
recent increase of forests although recent 
conditions appear to be more humid than 
those at the 3 ft. level.” 

“There is no indication from this study 
that the forest is replacing grassland 

i in Central Iowa.” 
Weaver says that “the prairie that lies 

within the climate of the deciduous forest 
| is the sub-climax prairie, which in gen¬ 
eral represents an eastward movement 
of the climax prairie into the region of 
deciduous forest because of reduced rain¬ 
fall.” 

Voss has shown by pollen analysis 
studies that spruce, pine, and fir were 
the common species in northern Illinois 
shortly after the retreat of the ice and 
that these species were followed by oaks 
and hickories. 

When the early pioneers came to Mc¬ 
Lean County, they found that the oaks 
and hickories had been largely replaced 
by sugar maples and that the wet parts 
of the country were covered with tall 
grass prairies. 

If we assume that the changes in the 
postglacial climate were from cool and 
moist to a warmer and then to a very 
dry climate followed by recent increases 
in humidity, then the presence of a maple 
forest on the moraines and of wet tall 
grass prairies on the lower areas can 
easily be interpreted. 

In the shallow ponds and lakes that 
were left after the melting of the glacial 
ice, the submerged, the floating, the reed 
swamp and the sedge meadow stages of 
vegetation would follow in succession in 
spite of the gradual increase of warmth 
and atmospheric dryness. When the 
sedge meadow stage was ready to give 
way to the next stage in vegetational 
development, forest trees would have in¬ 
vaded if the climate had not become too 
xerophytic for the growth of pioneer tree 
species. Since the climate had become 
so continental, it was only natural for 
the tall slough grass and other wet prai¬ 
rie plants to possess the newly made 
water soaked humus. 

When once slough grass became well 
established, it raised the level of the 
ground and made a place for the climax 
Andropogons and other typical prairie 
plants. It was climax for the xerophytic 
phase of the postglacial climate. 

Later as the climate became favorable 
for forest trees to develop, trees were 
free to invade the prairie where ever 
they could get in. 

D. P. White in 1941 says that black 
prairie soil full of humus developed under 
grasses, is short in phosphorus and potas¬ 
sium and probably lacks the needed mi- 
crorhiza that may aid in the establish¬ 
ment of trees. 

At the time the wet prairies were de¬ 
veloping under the influence of a xero¬ 
phytic climate the forests on the moraines 
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were dominated by oaks and hickories. 

Because they were well established and 

because the water-table was high, there 

was a sufficiently favorable microclimate 

under the trees to allow the oaks and 

hickories to replace themselves under 

their own shade. 

When the climate became more humid 

and less xerophytic, sugar maples re¬ 

placed the oaks and hickories. This is 

as we have it now in such places as 

Funk’s Grove. Under this less xerophytic 

and more humid climate the prairie 

grasses were able to hold their own 
against the invasion of trees. 

The xerophytic climate was not rigor¬ 
ous enough, nor did it last long enough 
time to do away with the deciduous forest 
but on the other hand it came at a time 
that was critical in the development of 
the vegetation of low wet areas and 
it lasted long enough to allow the tall 
grass prairies to become so well estab¬ 
lished that in spite of the fact that when 
the climate became less continental so 
as to allow trees to invade the prairies, 
only man has been able to destroy them. 

THE USE OF PRAIRIE RELICS IN TEACHING 
L. Wallace Miller 

Illinois State Normal University, Normal, Illinois 

The prairies of Illinois formerly occu¬ 
pied slightly more than 50 per cent of the 
total area of the State. It is a climax 
vegetation characterized by its tall grass¬ 
es and many flowering herbaceous plants, 
and in Illinois occupied an eastern lobe 
of a narrow belt extending from Canada 
to Texas. Throughout the area there is 
little or no effort being made to preserve 
this distinctive vegetation. Due to the 
favorable topography of most of the 
prairie land, and particularly to the high 
fertility of the soil, it has become the 
most productive and valuable farming 
section in Illinois as is shown by agri¬ 
cultural statistics. This land, therefore, 
has been highly prized by the farmer 
and has been subjected to rather thor¬ 
ough cultivation during the past 70 years 
with the result that the prairie as a 
complete flora is practically non-existent 
and its representatives are rapidly dis¬ 
appearing. 

Few undisturbed open areas in the 
prairie sections exist today. Some prairie 
species still occur together in isolated 
areas or relics along railroads, roadsides, 
and borders of lightly pastured woodlots 
where many introduced plants inter¬ 
mingle, unfortunately making the flora 
atypical. There are usually other ecolog- 
cal factors present somewhat different 
from those found in the original prairie. 

It is highly desirable that these prairie 
remnants be preserved and enlarged. 
Several large tracts set aside for the 

conservation of the prairie adjacent to 
one or more of our wooded state parks 
would prove highly educational and of 
inestimable value to the State as a whole. 
Some type of conservation effort is ur¬ 
gently needed in order that we may 
retain and know some of the charm of 
early Illinois and may provide oppor¬ 
tunity to study many of the physiological 
and ecological aspects of this peculiar 
and hardy flora. 

Science teachers in our public schools 
have many opportunities to draw the 
attention of young people to this fasci¬ 
nating flora. Certainly the prairie has 
greatly influenced the social and economic 
development of the State, and enough 
remains to merit its analysis and con¬ 
sideration. A study of soil profiles, root 
ecology, transpiration rate, relative hu¬ 
midity, and other ecological features of 
the prairie and the forest will contribute 
much to an understanding of the great 
differences in humus content and fertility 
of forest and prairie soils under cultiva¬ 
tion. Although the conditions permitting 
the existence of the prairie may be large¬ 
ly buried in the past, a study of the cli¬ 
mate, the environmental complex as a 
whole, and the xeric aspect of the prairie 
flora strongly suggest the importance of 
water loss in the air and water supply 
in the soil. Taxonomic study, gathering 
of specimens for school herbaria, and 
the making of photographic records of 
prairie species is fascinating and has 
great future value. 
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TOTAL NITROGEN AND VITAMIN C IN OATS GROWN 
AT DIFFERENT LEVELS OF SOIL MOISTURE 

G. R. Noggle 

University of Illinois, Urbana 

The problem of the role of water in the 
development of plants is of considerable 
scientific interest and economic impor¬ 
tance. Early experiments were concerned 
with the growth and composition of 
plants in relation to irrigation practices. 
More recently studies have been made on 
the internal water economy of plants in 
relation to physiological development. 
Loehwing (3) found at the time of flower 
inception in hemp, beans and other her¬ 
baceous annuals, a rather abrupt increase 
in the rate of transpiration. An earlier 
experiment (U) has shown this phenom¬ 
ena to occur in cereal grasses. This ex¬ 
periment was carried out with two varie¬ 
ties of spring oats—Kherson and Illinois 
30-2088 grown under normal long-day 
conditions (13-15 hours of light). Since 
spring oats are considered a long-day 
plant, the present experiment was 
planned to observe the behavior of spring 
oats under short-day conditions. 

The Kherson variety of spring oats 
was used. They were grown under cul¬ 
tural conditions similar to those in the 
previous experiment. The pots were seed¬ 
ed on Nov. 17, 1941, and the soil-moisture 
levels were adjusted 15, 22.5, 30, 37.5 
and 45 per cent. The plants received 
natural day light that amounted to 9-12 
hours of light per day. Samples of the 
plants were taken periodically during 
the growth period and the fresh tissue 
was analyzed for vitamin C by titrating 
with 2,6-dichlorophenolindophenol (6). 
Other samples were dried and total nitro¬ 
gen determined by the micro-Kjeldahl 
method of Pregl (5). The results given 
are the average of duplicate determina¬ 
tions. At each sampling date, several 
stems were dissected in order to study 
the morphological changes of the grow¬ 
ing point. 

The previous experiment (U) had indi¬ 
cated that under normal long growing 
conditions spring oats will start to joint 
about twenty-eight days after seeding. 
At the jointing stage, the internodes 
elongate and the growing point begins 
floral differentiation. In the present ex¬ 

periment, the jointing stage was never 
attained and the growing point remained 
in a vegetative condition. The number of 
leaves formed under normal long-day 
conditions is usually six or seven. In the 
present experiment ten to twelve leaves 
were formed by the plants grown at all 
moisture levels except those growing in 
the 15 per cent soil-moisture series which 
formed seven or eight leaves. 

The earlier experiment had demon¬ 
strated that the jointing stage was ac¬ 
companied by an abrupt increase in the 
rate of transpiration. The plants in 
the present experiment did not exhibit 
this abrupt rise in transpiration. Dis¬ 
section of the stem and an examination 
of the growing point at the various sam¬ 
pling dates showed no flower inception. 

Burd (2), Bakhuyzen (1), and others 
have shown that at the stage of flower 
inception, plants undergo a change in 
their internal water relationships. Tis¬ 
sue analyses indicated a lower water 
content and a higher percentage dry 
weight. This tissue dehydration is ac¬ 
companied by profound chemical changes 
—minerals, insoluble protein, and reserve 
polysaccharides are mobilized. The data 
(table 1) for green and dry weights per 
plant do not show evidence of tissue 
dehydration noted in plants in a repro¬ 
ductive condition. 

Total nitrogen per plant and vitamin 
C per plant increase during the growing 
period of the plant. The highest total 
nitrogen per plant was found in the 
plants growing in the soil with 30 per 
cent moisture. The highest vitamin C 
per plant was found in the plants grow¬ 
ing in the soil with 45 per cent moisture. 
The best growth as indicated by green 
and dry weight per plant was found in 
the plants growing in the soil with 37.5 
per cent moisture. 

The data indicate that spring oats,' 
growing at different soil-moisture levels, 
under short-day conditions remain in a 
vegetative condition, and that their tis¬ 
sues retain the chemical characteristics 
typical of the preflowering stage. 
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APPLIED BOTANY AS FUN 
Neil E. Stevens 

University of Illinois, Urba/na 

Much ink has been spilled over the 
division (real or imaginary) of “pure” 
from applied science. 

The thesis which I should like to 
develop—confining myself to botany, the 
only field in which I can claim authority 
—is that the difference between the fields 
is real but that it lies—not in the meth¬ 
ods which are largely identical, not in 
the basic scientific values which are much 
the same, not even in volume of practical 
results which may flow from the seem¬ 
ingly least practical approaches—but in 
the method of choosing problems; that 
the difference between pure and applied 
botany is one not of content but of intent. 
If you choose your own problem (or 
think you do) it is pure botany. If your 
problem is chosen for you or forced upon 
you by the economic needs of some group, 
it is applied botany. 

I shall contend further that the ad¬ 
vantage in some respects lies on the side 
of applied botany—specifically that if 
you happen to be made that way, it is 
more fun. 

First of all, applied botany offers vari¬ 
ety. I have never made any claims of 
purposefully pushing outward the bound¬ 
aries of knowledge, rather have I been 
pushed around by the exigencies of the 
period. Yet in my 25 years spent in the 
service of economic botany, I had few 
dull periods. I have been associated in 
the field for longer or shorter times with 
four of our great outbreaks of plant 
disease, the chestnut bark disease (the 
greatest of all), bacterial wilt of corn, 
downy mildew of tobacco, and the Dutch 
elm disease. 

Geographically as well as botanically, 
my interests have been forced to range 
widely. Fortunately, plants grow at the 
most pleasant seasons. They can be 
studied in Alaska only in the summer 
and may well be studied during the 
winter in Florida or Hawaii. I have, 
however, found it necessary to work at 
the South Water Market in Chicago and 
on the water front of New York at three 
a. m. in the dead of winter. During 

studies of spoilage of fruit in transit I 
spent some days in a superintendent’s 
private car and a good part of one night 
on top of a freight car crossing Iowa. 
I have even doubled for five summers as 
an entomologist, and believe it or not, 
even entomology is interesting if proper¬ 
ly pursued. 

On the whole, economic botany tends 
to be a sociable job. In our more or less 
futile attempts to control plant diseases 
during the past 25 years, we have taken 
some bad beatings, but our company has 
been numerous and exceedingly good. 

I very much hope that I will not be 
misunderstood when I say that I rate 
as one of the real advantages of economic 
botany the opportunity, indeed the com¬ 
pulsion, to take real chances on things 
that really mean something. I bot but 
rarely, partly, no doubt, through par¬ 
simony, but largely as a result of a con¬ 
viction that if a thing is not of sufficient 
interest without a wager, it is not worth 
bothering with. I note in a book review 
in the Yale Review for 1938 a sentence 
referring to the “arid tradition of Amer¬ 
ican culture which compels professors to 
be accurate and sound rather than inter¬ 
esting and speculative.” In the economic 
field you simply have to take a chance— 
to act, or refuse to act, which is the 
same in the end—to pit your own wit 
against nature and forecast the outcome. 

Another of the real advantages of 
economic botany is that it is perfectly 
respectable to use plain understandable 
English. A few years ago I came across 
(in the December, 1936 Atlantic) an 
article entitled “The Snobbishness of the 
Learned” in which this statement was 
made: 

“The impression that philosophical 
and scientific ideas cannot be ex¬ 
plained in plain language to plain 
people is . . . due to the fact that 
philosophers and men of science have 
not, as a rule, the wit to do it. It is 
due in plain terms to the stupidity 
of the learned men and not to the 
stupidity of humanity.” 
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I believe the charge is unfair, at least 
I have a strong suspicion that the chief 
reason so many of our colleagues do not 
use plain English is that they do not 
dare, or at least they feel they appear 
more profound if they are obscure. This 
is well expressed—as are so many other 
important truths—by Gilbert and Sul¬ 
livan. This is from “Patience.” 

“If this deep young man expresses 
himself in terms too deep for me, 

Why, what a very singularly deep 
young man, this deep young man 
must be.” 

Of course, sometimes scientific writers 
go too far even for their associates. 
Some of you may have read a recent book 
reivew, which may or may not have been 
justified. (I have never read the orig¬ 

inal.) It begins: 

“This book is a fine example of an 
important and already difficult sub¬ 
ject discussed in an abstruse, in¬ 
volved, pompus, and thoroughly tire¬ 
some manner. Simple things are 
made complex, and complex things 
are made well-nigh incomprehensi¬ 

ble.”1 

Finally, economic botany seems to me 
to be fun because it has human interest. 
Hans Zinsser refers to this in his recent 
autobiography, the title of which is “As 
I Remember Him.” 

“The scientist’s temporary relief 
from constant dissatisfaction with 
his own accomplishments comes from 
those interludes in which he projects 
his technical and theoretical train¬ 
ing into a problem of practical appli¬ 
cation.” 

Mary E. Pennington expresses the same 

idea in an interview published in the 

November 10, 1940 number of “Chemical 

News.” 

“There is a thrill when a scientific 
idea suddenly strikes home in the 
form of an industrial problem.” 

I suppose it all boils down to the uni¬ 

versal human need of being important to 

someone. We all recognize this need in 

other people and occasionally in our¬ 

selves. That is why some people keep 

dogs, why ladies no longer too young 

drop their handkerchiefs where we have 

to pick them up, why neurotic wives 

throw sick spells. That incidentally, is 

why honorary societies are organized and 

perpetuated. Apparently such devices 

are necessary to sustain the enthusiasm 

of the scientists themselves. In the eco¬ 

nomic field there is little or at least much 

less, need for such secondary stimuli. 

Indeed, the danger is quite the other way. 

Scientific work is being held in such high 

esteem these days that the grave danger 

is not that we will not be listened to, but 

that our advice will be taken too serious¬ 

ly and applied with too little restraint. 

We can cease to worry about priority 

in publication when our ideas become 

common knowledge in an intelligent 

group almost before they could be pub¬ 

lished, and in view of the very large 

percentage of mistakes that each of us 

is sure to make, it is worth something to 

be in a field where even mistakes are 

important. 

iCopeia, Dec. 26, 1939, p. 240. 
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DISTRIBUTION OF D1PLOD1A ZEAE AND 
D. MACROSPORA IN THE 

UNITED STATES 
Neil E. Stevens 

University of Illinois, Urbana 

Two apparently closely related fungi 
have long been known as causes of ear 
rots of corn. These are Diplodia zeae 
(Schw.) Lev, first reported in 1822, and 
Diplodia macrospora Earle, described in 
1897. So far as can be determined by 
studies of the fungi in culture, Diplodia 
macrospora is physiologically decidedly 
inferior. It has a narrower temperature 
range, it sporulates less freely, and final¬ 
ly it is-dependent on outside sources for 
the biotin necessary to its growth—a 
product which D. zeae is apparently able 
to produce. Hoppe has proved that when 
both fungi are allowed to grow on the 
same ear of corn, D. macrospora is un¬ 
able to compete with D. zeae.2 

In the United States, at least, D. mac¬ 
rospora has a more limited range than 
D. zeae. The latter fungus has been re¬ 
ported from California and from every 
state east of the Rocky Mountains except 
the three northern New England States. 
There is one report of D. macrospora 
from Connecticut and two from Dela¬ 
ware, otherwise, all recorded collections 
are from the south eastern states. 

The relation between these two fungi 
and especially the question of the degree 
to which D. macrospora is able to com¬ 
pete in the field with the apparently more 
vigorous D. zeae has interested me for 
at least ten years. Most of February 
and March 1943 was spent in collecting 
in the states of Tennessee, Mississippi, 
Louisiana, Texas, and Oklahoma in order 
to gather further information on this 
point. The material gathered has now 
been examined and the fungi identified. 
In this summary, however, the results 
have been combined with all earlier avail¬ 
able reports of examinations of large 
numbers of specimens of these two fungi. 
These included all reports by Eddins1 
from Florida, by Larsh,4 based on my 
own collection in several southern states, 
and Hoppe’s3 reports covering several 
years of cultures made from diseased 

kernals, as well as information sent in 
a personal letter by J. Harvey McLaugh¬ 
lin from Oklahoma. This lumps together 
isolations from stalks and from kernels 
as well as reports of various years. So 
far as can be determined from an exam¬ 
ination of tabulated figures this involves 
no significant error. When all the figures 
referred to have been included the num¬ 
bers are fairly large, certainly much 
larger than in most records of fungi. 
They vary from 60 in Louisiana to well 
over 1100 from Tennessee. They thus 
may not be strictly comparable but they 
seem large enough to be significant. The 
exact numbers are as follows: Alabama 
425, Florida 975, Georgia 175, Kentucky 
254, Louisiana 79, Mississippi 233, Okla¬ 
homa 157, South Carolina 123, Tennessee 
1148, and Texas 60. 

The amount of Diplodia rot varies 
greatly from year to year,3 both absolute¬ 
ly and relatively to other fungi. No 
doubt the relative amounts of the two 
species of Diplodia fluctuate somewhat 
also. In Hoppe’s cultures from states 
of Kentucky, Tennessee, Alabama and 
Mississippi the percentage of D. macro¬ 
spora in relation to all Diplodia isolated 
was as follows: 1937, 3.1; 1938, 3.9; 
1940, 5.7; 1941, 5.5. Chief interest at¬ 
taches here to the relative amounts of the 
two fungi in the truly random samples 
obtained in the field and from cribs and 
terminals. The relative abundance of D. 
macrospora is expressed as percentage of 
the entire number of Diplodia specimens 
examined. Thus zero does not mean that 
this fungus does not occur in a given 
state, merely that it was not found in the 
material examined by the observer. In 
general it will be noted that the percent¬ 
age is larger in the states further south. 
Very likely the percentage indicated for 
Louisiana is too large due to the small 
number of specimens collected and to the 
fact that all of them were made at or 
south of Baton Rouge. 
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A NEW MUCOR-LIKE FUNGUS FROM PLANT ROOTS 
Leo R. Tehon 

Illinois Natural History Survey, Urbana 

In 1941, the writer obtained in his 
laboratory, as a chance isolation from 
roots of a diseased American elm grow¬ 
ing in Peoria, a Mucor-like fungus that 
was producing both sporangia and zygo¬ 
spores in great abundance. The method 
of zygospore production revealed that 
the mold belonged to Zygorrhynchus, a 
genus in which, in contrast with Mucor 
and Rhizopus, zygospores result from the 
union of heterogametes formed by a 
homothallic mycelium. Since no species 
of this genus has thus far been recorded 
in Illinois, this account serves first to 
record this kind of fungus in the State. 
Also, it describes the Illinois isolation 
as the type of a new species and offers 
some observations on the process of 
zygospore formation. 

Taxonomy 

In technical literature six species of 
Zygorrhynchus have been named and de¬ 
scribed. Five of these are European and 
one is Japanese. For the most part they 
have been segregated as species on 
seemingly trivial characteristics, just as 
have the species of Mucor and Rhizopus, 
and the descriptions of them are incom¬ 
plete. 

In America, Zygorrhynchus has been 
isolated a number of times from soils. 
According to Henrici (1930, pp. 47, 70), 
because it is active in ammonification, 
it is one of the most important soil- 
inhabiting Phycomycetes. With the ex¬ 
ception of the isolation made by Povah 
(1917) in Michigan, which he determined 
as Z. Vuillemini Namysl., American iso¬ 
lations have been classified as Z. Moelleri 
Vuill. Unfortunately, Z. Moelleri is the 
most poorly described of the named spe¬ 

cies. Vuillemin (1903) distinguished it, 
as the second species of the genus, almost 
wholly on certain differences apparent to 
him between its spores and zygospores 
and those of Z. heterogamus Vuill., the 
one previously described species. Sac- 
cardo1 may have added confusion by 
stating the zygospore difference in re¬ 
verse in the Sylloge Fungorum. Judging, 
however, from such accounts as that of 
Grossman (1911), it seems highly im¬ 
probable that American isolations are the 
Z. Moelleri of Vuillemin. The Illinois 
isolation certainly is not that species and 
appears sufficiently distinct from all de¬ 
scribed species to deserve recognition as 
another species. 

Zygorrhynchus verruculosus n. sp.1— 
Mycelium hyaline (gray in mass), coeno- 
cytic, intricately branched but scant and 
confined to the substratum; main hyphae 
in age becoming yellowish, 14-16 n in 
diameter, densely verruculose, in vigor¬ 
ous growth 8-12 fj. in diameter, often ver¬ 
ruculose; branches progressively finer 
and smooth. Chlamydospores abundant, 
terminal and intercalary, solitary or in 
short chains, elliptical, oval or subspheri- 
cal, 13 X 7 n to 30 X 20 /x. Sporangia 
abundant, spherical, black, irridescent, 
45-55 fi in diameter, apical on hyaline, 
usually simple but often bifurcate, rarely 
less regularly branched, densely verrucu¬ 
lose sporangiophores 8-10 n in diameter 
and 100-300 /x long (when grown in the 
dark, rare and on sporangiophores many 
times longer); columella small, spherical 
to applanate, hyaline, smooth, 15-20 /x in 
diameter; tunic densely studded with 
very fine, raphidic spicules, disintegrat¬ 
ing completely into innumerable irrides¬ 
cent red, purple and blue particles, leav¬ 
ing no collar. Spores hyaline, oblong- 

l“Z. Moelleri Vuill.—Bui. Soc. Myc. 1903—A Z. heterogamo (liffert sporis ellipsoideis, 4.3 X 2.6 
nec globosis zygosporisque duplo triplove majoribus.” 

Zygorrhynchus verruculosus n. sp.—Mycelio hyalino, 8-12 n vel in aetate lutescente, 14-16 M 
diametro, dense verruculoso. Chlamydosporis terminalibus et intercalaribus, 13 X 7 n ad 30 X 20 
Sporgangiis sphaericis, nigris. imidescentibus, 45-55 n diametro, in sporangiophoris simplicibus vel bi- 
furcatis. 8-10 n diametro, 100-300 longis, dense verruculosis latis; collumella sphaerica vel applanata, 
15-20 n diametro; tunica minute spiculosa. totaliter disrumpente et collarem non relinquente. Sporis 
hyalinis. continuis, binucleatis, oblongo-ovalibus et allantoideis, 4.5-5.1 X 2.9-3 n. Hyphis zygophoris 
aereis, hyalinis, 5-8 p diametro. dense verruculosis. Zygosporis globosis, nigris. 45-60 M, maximo numero 
59 n diametro, denticulis pyramidalibus 6-8 n altis dense ornatis et cum tympano majore circiter 25 n 
diametro porum 1.5-2 n diametro possidente. Azygosporis nullis. 
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ovate and noticeably allantoid, binucleate, 
nonseptate, 4.4-5.1 X 2.9-3 n. Zygophoric 
branches aerial, hyaline, 5-8 fi in diame¬ 
ter, densely verruculose. Zygospores 
globose, black, 45-60 /*, the majority 
about 50 ii, in diameter at maturity, 
densely studded with pyramidal den¬ 
ticles 6-8 ii tall, 5-6 n wide and irregular¬ 
ly stellate at the base; major tympanum 
about 25 n in diameter and provided (ap¬ 
parently) with a central pore 1.5-2 n in 
diameter. Azygospores not produced. 

Obtained from rotting roots (possibly 
from adhering soil) of Ulmus americana 
L. from Peoria, Illinois, in 1941. Speci¬ 
men and slides in the Illinois Natural 
History Survey herbarium, accession 
number 28927 (TYPE). 

In addition to the characters required 
for technical description, the Illinois iso¬ 
lation displays others, less definite, which 
seem to set it off from the other species. 
One of these is its reaction to light in 
the production of sporangia and zygo¬ 
spores. It has been said of the majority 
of the earlier species that sporangia oc¬ 
cur sparingly. With the Illinois isolation 
sporangia occur abundantly when cul¬ 
tures are grown in light, a new colony 
producing hundreds of them in mature 
condition within three or four days. If, 
however, cultures are grown in darkness, 
only a few sporangia develop during a 
period of many days; then, also, they 
occur on very long and almost always un¬ 
branched sporangiophores. Zygospores, 
on the other hand, develop slowly in 
cultures exposed to light. With Van 
Tiegham cell cultures set up for observa¬ 
tion and maintained in a light room, four 
to six days may pass before zygospores 
begin to form in numbers, and early 
stages of zygospore formation exposed 
to concentrated light while being ob¬ 
served under the microscope are often 
arrested in development and afterwards 
make no further progress. Observational 
microcultures make little or no progress 
toward zygospore production during day¬ 
light hours but produce large numbers 
of zygospores during the night. On the 
other hand, new microcultures kept in 
a dark culture chamber produce zygo¬ 
spores in hundreds and in all stages of 
development in 36 to 48 hours. 

A somewhat distinctive characteristic 
is seen also in the aberrancies of gametic 
fusion. In this species, as in others, con¬ 
tact and fusion normally occurs between 

closely related branches (fig. 15). Never¬ 
theless, a great amount of successful 
contact occurs between distantly related 
branches: minus gametophores make 
contact, and successfully produce zygo¬ 
spores, with plus gametophores arising, 
not only from different aerial branches 
but even from distinctly separate vege¬ 
tative hyphae. With this ability is asso¬ 
ciated an exceptional length of the minus 
gametophore (as indicated, at least, by 
the figures of other authors). Also, com¬ 
plete reproductive capacity is often re¬ 
tained in the plus gametophore. This 
structure not infrequently becomes sep¬ 
tate and gives rise to one or more branch¬ 
es which, in turn, produce both plus 
and minus gametophores and, eventually, 
normal zygospores. 

In the descriptions, or in discussions, 
of the previously described species there 
usually is some mention of the produc-i 
tion of azygospores. During the two 
years the Illinois isolation has been un-? 
der observation, no azygospore has been) 
found in any of the cultures. In this 
respect, the Illinois isolation differs not 
only from most of the previously de-i 
scribed species but also from some Amer¬ 
ican isolations (Blakeslee, 1904). 

The position of the Illinois isolation as 
a species among the species already de¬ 
scribed is indicated with some accuracy 
by the following key, in which the prin¬ 
cipal distinctions noted by the describers 
of the other species are given promi¬ 
nence. 

Key to the Species of Zygorrhynchus 

Spores globose, 2.2-2.7 //. in diameter; 
zygospores usually more than 100 n 
in diameter. . . Z. heterogamus Vuill 

Spores elliptic, oval or oblong; zygo¬ 
spores much smaller. 
Spore elliptical, uniformly small 

(about 4 n long) or variable and 
larger. 
Columella pyriform; spores vari¬ 

able (6-10 X 1.5-3 fi) ; zygo¬ 
spores 68 to 80 /i in diameter 
.Z. japonicus Kominf 

Columella applanate spherical; 
spores small. 

Zygospores small, usually 
about 35 fi in diameter; 
spores 4.3 X 2.6 n. 
.Z. Moelleri Vuill 
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Zygospores larger, 40-45 /x or 
up to 60 /x in diameter; 
spores 4x2 /x. 
.Z. Vuillemini Namysl. 

Spore oval or oblong, small. 
Zygosporic denticles usually caes- 
pitose.Z. Bernardi Moreau 

Zygosporic denticles not caespi- 
tose. 
Zygospores small, 14-48 /x in di¬ 

ameter; denticles 3-5 ix long, 
often recurved. 
.Z. Dangeardi Moreau 

Zygospores larger, 45-60 /x in di¬ 
ameter; denticles 6-8 /x long, 
pyramidal and not recurved 
. Z. verruculosus Teh. 

A point not given attention in studies 
made of earlier species is the nuclear 
condition of the spores. The spores of 
Z. Vuillemini were described as guttu- 
late, those of Z. Dangeardi as 1-2 guttu- 
late; but guttules are not characteris¬ 
tically identifiable as nuclei. The spores 
produced by the Illinois isolation are ob¬ 
viously and clearly binucleate. This fact 
may indicate that plus and minus nuclei 
are carried together, but as separate 
entities, in the coenocytic mycelium from 
the germination of the zygospore of one 
generation to the formation of the zygo¬ 
spore of the next generation, even though 
many reproductions by spores intervene. 

Germination of mature zygospores of 
the Illinois isolation has not been ob- 
serbed. Often, in culture transfers, an 
apparent germination resembling that 
reported by Green (1927) has been seen, 
but it is very doubtful whether this was 
true germination. Since sporangia are 
produced freely and are closely inter¬ 
mixed with the zygospores above the sur¬ 
face of the colony, it is possible that 
spores lodged among the denticles orna¬ 
menting the zygospores and, transferred 
with the zygospores, germinated without 
being dislodged when presented with 
fresh medium. 

Process of Zygospore Formation 

The production of zygospores by spe¬ 
cies of Zygorrhynchus has received a 
considerable amount of study, and three 
views have been expressed by observers, 
all of whom agree on the major features 
of the process. These features, described 
by Vuillemin (1903) and Blakeslee 
(1904) and later by others, are as fol¬ 

lows : From the vegetative mycelium, 
aerial hyphae arise. These aerial hyphae 
give rise to lateral branches upon which 
the zygospores are produced. A lateral 
branch first becomes divided at some 
point by a septum that differentiates it 
into a basal and a distal portion. A 
branch then arises from the basal por¬ 
tion, just below the newly formed sep¬ 
tum, and grows forward, curving back 
until its tip makes contact, beyond the 
septum, with the side of the distal por¬ 
tion of the branch from which it arose. 
At the point of contact, a series of 
changes takes place and results in the 
zygospore (fig. 15). It is with regard 
to this series of changes that investi¬ 
gators have disagreed. 

According to Vuillemin (1903), when 
contact between two zygophoric branch¬ 
es has been made, the distal portion of 
the original branch produces at the point 
of contact a short lateral branch which 
remains apically in contact with the apex 
of the touching branch. Within this 
short lateral branch and, simultaneously, 
within the touching branch walls are 
laid down, cutting off cells that func¬ 
tion as gametes. The gamete cell in the 
short lateral branch is small while that 
in the contacting branch is large. Fol¬ 
lowing formation of the gametes, the 
wall dividing them disappears and, from 
the two, the zygospore develops. This 
process has been substantiated in the ob¬ 
servations Blakeslee (1904, 1913) made, 
but appears to have been modified to some 
extent by the observations of Green 
(1927), whose account and small inade¬ 
quate drawings leave some doubt as to 
how clearly all of the stages, especially 
the fusion of the gametes, were observed. 

Atkinson (1912) at first professed to 
have found no male gamete. He thought 
that no male progametangium arose and 
that the tip of the touching branch fused 
with the distal part of the original 
branch, that dissolution of the separating 
wall occurred, and that direct transfer 
of protoplasm and nuclei from minus to 
plus zygophore took place. Later (Blakes¬ 
lee, 1913) he retracted this view. Gross- 
man (1911), describing an isolation he 
made in Michigan, expressed essentially 
the same view, but it may be doubted 
whether he intended his very brief expo¬ 
sition to be taken literally. 

Gruber (1912), expressing a third 
opinion, believed that, after contact had 
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Figs. 1-15.—Zygorrhynchus verruculosus, n. sp. Stages in conjugation and development of the 
zygospore. (See p. 113 for explanation of figures.) 
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been made by the two branches, a branch 
grew out from the side of the touched 
hypha, that this branch elongated, that 
it became divided by a cross wall, and 
that its terminal cell became swollen and 
was fertilized by the passage into it of 
protoplasm and nuclei from the now- 
swollen end of the touching hypha. Ac¬ 
cording to his view, the minus game- 
tangiophore of Vuillemin and Blakeslee 
would be the plus gametangeophore and 
the plus gametangeophore of Vuillemin 
and Blakeslee would be the minus game¬ 
tangeophore. Moreau (1912) immediate¬ 
ly took exception and claimed that Grub¬ 
er’s interpretation was erroneous. 

Of these three interpretations, that of 
Vuillemin and Blakeslee is generally ac¬ 
cepted, owing to Blakeslee’s recognized 
authoritativeness regarding fungi of the 
Mucorales, to Moreau’s denial of Gruber’s 
conclusions, to Atkinson’s retraction of 
his view, and to the later substantiation 
of Vuillemin’s observations by Blakeslee 
(1913) and by Green (1927). Actual 
observation of some of the stages is, 
however, made extremely difficult by both 
the small size of the cells observed and 
the obscurity imposed by the early devel¬ 
opment of cell wall ornamentations. It is 
not surprising, therefore, that more than 
one interpretation has been made or that 
some of the stages have not been clearly 
observed.3 

The stages of zygospore formation 
exhibited by the Illinois isolation have 
been followed carefully with both active¬ 
ly growing and killed and stained mate¬ 
rial. To observe growing material, the 
method used by Blakeslee (1913) was 
modified by the substitution of Van Tieg- 
hem cells for watch glasses and glass 
covers. A small drop of agar medium, 
spread thinly while hot over a part of 
the surface of a coverglass, was inocu¬ 
lated with a small bit of the mold, and 
the coverglass was then inverted and 
sealed to the top of the Van Tieghem 

ring. With a supply of sterile water in 
the base of the Van Tieghem cell, such 
a microculture developed well and, espe¬ 
cially at the periphery of the coverglass 
where no medium interfered with light, 
examples of development could be select¬ 
ed and watched with the ordinary high 
(44 X or 4 mm.) and sometimes with the 
oil (97 X or 1.8 mm.) objectives. Since 
the hyphae on which zygophoric branches 
occur are almost always aerial, the chief 
difficulty lay in finding examples suitably 
oriented for study. Both Blakslee (1913) 
and Green (1927) have given time sched¬ 
ules with their illustrations of progres¬ 
sive stages; this it has been impossible 
to do with the present fungus because 
of its sensitiveness to light. 

To obtain material for staining, micro¬ 
cultures were made in small drops of 
nutrient broth on clean slides. The cul¬ 
tures were placed in inverted sterile 
Petridishes and the gaps between covers 
and bottoms of the dishes were sealed 
with sterile water to maintain a satu¬ 
rated atmosphere in the dishes. These 
cultures were grown in an incubation 
chamber into which no light entered. 
After 36 to 48 hours they were removed 
and treated for 24 hours with standard 
formalin-aceto-alcohol solution as a kill¬ 
ing agent. Safranin for 24 hours, fol¬ 
lowed in order by acidified alcohol, am- 
moniated alcohol, and analine blue in 
alcohol for two mniutes, proved most 
satisfactory as a gross structure stain, 
giving beautifully clear differentiation of 
chlamydospores, mature sporangiospores, 
and the swollen zygosporic suspensors. 
The method would be suitable for the 
preparation of slides as permanent teach¬ 
ing equipment. 

In the Illinois isolation the hyphal ap¬ 
paratus involved in zygospore production 
is essentially the same as that described 
for other species. From any point on a 
vegetative hypha a specialized aerial 
branch may arise. From this aerial 

Regarding actual conjugation. Blakeslee (1913) wrote, “There seems no doubt also that these two 
gametes . . unite later by the dissolution of the intervening cross wall into a single ceil. . 

Explanation of Figures 

Fig. 1.—The tip of one zygophoric branch touches and adheres to the side of another zygophoric 
branch. Fig. 2.—The touching tip becomes large and bulbous. Fig. 3.—The touched branch produces 
a small outgrowth. Figs. 4—5.—Cross walls separate the bulbous tip and the outgrowth as gametangia. 
Fig. 6.—The double wall between the gametangia dissolves. Fig. 7.—The fused gametangia begin to 
enlarge and form the zygospore. Figs. 8—10.—A wall, possibly the endospore, appears in the lower part 
of the zygospore. Also, swelling of the touching branch above the zygospore becomes pronounced. 
Fig. 11.—The zygospore wall increases in thickness. Fig. 12.—Dark thickenings appear in the outer 
wall of the zygospore. Figs. 13-14.—The zygospore increases in size, its polar tympana become evident, 
and its wall ornaments take form. Figs 15.—The characteristic zygophoric structure, with an immature 
zygospore. 
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branch, in turn, lateral branches arise, 
increase in length for some time, and 
then produce at their tips two bud-like 
outgrowths. The two outgrowths appear 
almost simultaneously. One of them 
elongates in a forward direction and, al¬ 
though it remains of lesser diameter, 
appears as a continuation of the branch 
on which it arose. It is, however, of de¬ 
terminate length, and its contents are 
soon abjoined by a cross wall, formed 
near its base, from the contents of its 
parent branch. The second outgrowth 
elongates at first in an obliquely for¬ 
ward direction and appears as a lateral 
branch. Its contents are not, as a rule, 
ab joined by a cross wall from those of 
the parent branch. As it elongates, it 
arches toward, touches, and eventually 
adheres by its tip to the side of the 
branch developed from the first bud. 
When it touches, the zygospore forms 

(%. 15). 
Immediately after the second branch 

has touched the first, its tip begins to 
enlarge (fig. 1). Enlargement continues 
until a bulbous structure (fig. 2) is 
formed, in which a dense concentration 
of protoplasm takes place. At the point 
of contact between the two branches, the 
touched branch now produces a short 
lateral outgrowth (fig. 3) which, as it 
develops, pushes the touching branch tip 
backward. This outgrowth, often only 
1.5 ii long and rarely as much as 3 or 
3.5 fji long, is so short that it can hardly 
be called a branch. While it is taking 
form, a cross wall develops in the touch¬ 
ing branch in such a position as to sepa¬ 
rate its bulbously enlarged end as a 
gametangium. Almost simultaneously a 
cross wall also develops in the short out¬ 
growth from the touched hypha, usually 
at or near the level at which the out¬ 
growth originated, to form the other 
gametangium (figs. 4 and 5). 

When the gametangia have thus been 
defined, their fused walls begin to dis¬ 
solve (fig. 6). At this stage there usually 
is not much constriction apparent in 
the region of the cross walls. With their 
dissolution, a mingling of cytoplasm and 
nuclei from the two gametangia occurs 
and enlargement of the united game- 
tangial cells proceeds rapidly (figs. 7 and 

8). 
It has not been possible to determine 

either how much cytoplasm or how many 
nuclei are contributed by each game¬ 

tangium. Since one gametangium is 
small and one is large, it may be sup¬ 
posed that each contributes cytoplasm in 
proportion to its cubic capacity. The 
nuclei, during this period, either are too 
small to be accurately observed or are 
obscure in the dense cytoplasm. In ma¬ 
ture zygospores sectioned two or three 
months after they had attained full de¬ 
velopment eight nuclei were counted. 
Four of these nuclei were large, measur¬ 
ing about 3.5 /x in diameter, while four 
were small, measuring about 2.2 n in 
diameter. They were scattered in the 
parietal layer of cytoplasm and appeared 
to have no regular arrangement—at 
least, there was no grouping together of 
the small or the large nuclei, no regular 
alternation in position of large and small 
individuals, and no obvious pairing. 

At an early stage in the enlargement 
of the united gametangia an indication 
can be seen that a wall is to be formed 
in the end connecting with the touched 
branch (fig. 8). The growth of this wall 
is accompanied by absorption of proto¬ 
plasm into the zygote (fig. 9). Although 
constriction is usually observable where 
this wall develops, it is questionable 
whether this wall connects directly with 
the gametangial wall. It may be the de¬ 
veloping endospore. 

At this time, or earlier, the touching 
hypha begins to enlarge in the region 
next to the zygospore (figs. 5-9) and, as 
the zygospore grows, continues to swell 
into a great bulb filled with highly vacuo¬ 
lated protoplasm (figs. 10-15). After 
union of the gametangia, the touched 
hypha remains turgid, but it contains 
little protoplasm and appears to have no 
function other than that of supplying 
some mechanical support for the zygo¬ 
spore. The greatly swollen part of the 
touching branch, which now may be 
called a suspensor, apparently, assumes 
in full the function of supplying nutri¬ 
ment to the developing zygospore. Also, 
it soon becomes densely studded through¬ 
out with minute, low, nearly hyaline 
wart-like thickenings. The touched branch 

remains smooth. 
The zygospore, as soon as it begins to 

enlarge, begins both to thicken its wall 
(fig. 11) and to initiate on its wall a 
regular series of thickenings (fig. 12) 
which develop into pyramidal, black 
teeth (figs. 13-14). On the mature zygo¬ 
spore (not shown in the figures), these 
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denticules are regularly spaced and are 
so numerous that they completely cover 
the surface of the zygospore. They 
reach a height of 6 to 8 n and, at their 
bases, are irregularly stellate. 

For a long time after the zygospore 
matures, it remains attached to the 
hyphae that formed it. At the two points 
of attachment circular tympana, one 
one large, and one small, separate it 
from its suspending hyphae. These tym¬ 
pana become evident early in the rzygo- 
spore’s development (fig. 12), remain 
visible during much of the growth period 
(figs. 13-15), and are finally hidden when 
the zygospore approaches full size. Both 
tympana are hyaline and relatively thick 
(1.5 /*), and in each there is a central pit 
or pore through which, it may be sup¬ 
posed, protoplasmic contact and trans¬ 

location is maintained. 
The wall of the mature zygospore con¬ 

sists apparently of the same five layers 
Vuillemin (1904) destinguished. The 
outermost layers, two in number, form a 
dark, hard, denticulated exospore, and 
the inner layers, three in number, form 
a hyaline, cartilaginous, smooth endo- 
spore. Under pressure the brittle exo¬ 
spore readily breaks into fragments, 
leaving the zygote enclosed by the tough 

endospore. 
The origin of some of these wall layers 

is to some extent obscure. The exposure, 
which includes a dark, very thin cuticular 
layer and an inner, thick, more or less 
carbonaceous, denticle-studded layer, de¬ 
velops directly from the original walls of 
the gametangia. It is continuous with, 
and represents the same structural unit 
as, the inclosing wall of the mycelium. 
The modification of its surface sets it 
apart, however, as a specialized capsule 
in which the zygospore is held. The endo¬ 
spore, which consists of a very thin outer¬ 
most layer (the middle cuticular layer), 
a thick, elastic, cartilaginous layer, and 
a very thin, granular innermost layer, 
could possibly be formed as a series of 
additions to the inner surface of the ex¬ 
posure. If this were the case, a tight 
union between exospore and endospore 
would be expected. Since, however, the 
two do separate readily, the endospore 

could be formed by the fused protoplasts 
from the two gametangia as an entirely 
new wall serving to separate the zygote 
as a complete new unit. The meager 
evidence that has been visible in sectioned 
material tends to support the view that 
the endospore is a separately formed unit. 

Summary 

Occurrence of a fungus of the genus 
Zygorrhynchus in the State of Illinois is 
reported for the first time. Characteris¬ 
tics of the zygospores, sporangia, spores 
and mycelium distinguish it from the six 
described species and, as a new species, 
it is named Z. verruculosus. Its sporan- 
giospores are binucleate and transmit the 
heterothallic condition through asexual 
generations. Zygospores are formed in 
the manner characteristic of the genus. 
At maturity, they contain eight nuclei, 
of which four are large and four are 
small, and are inclosed by an exospore 
and an endospore. The exospore is 
formed from the gametangial walls; but 
the endospore, it is suggested, is formed 
as an independent structure. 

REFERENCES CITED 

Atkinson, G. F. 1912. The morphology of Zygo- 
rhynchus and its relation to the Ascomycetes. 
Science, n. s., 35:151. 

Blakeslee, A. F. 1904. Sexual reproduction in the 
Mucorineae. Proc. Amer. Acad. Arts and 
Sci. 40:205-319. 4 pis. 

1913. Conjugation in the heterogamic genus 
Zygorhyncus. Mycol. Centralbl. 2:241-244. 
2 pis. 

Green, Ethel. 1927. The life history of Zygorhyn- 
cus Moelleri, Vuill. Ann.. Bot. 41.419 435. 
10 figs. _ „ 

Grossman, H. 1911. The. occurrence of Zy- 
gorhynchus Moelleri in Michigan. Rept. 
Mich. Acad. Sci. 13:204—207. 2 pis. 

Gruber, Eduard. 1912. Einige Beobachten fiber 
den Befruchtungesvorgang bei Zygorhynchus 
Moelleri Vuill. Ber. Deutsch. Bot. Gesellsch. 
30:126-133. 1 pi. 

Hpnriri Arthur T. 1930. Molds, yeasts, and 
Hen actinomycetesr x + 296 pp. John Wiley & 

Sons, Inc. New York. 
Moreau, Fernand. 1912 Sur la^reproduction 

sexu6e de Zygorhynchus Moelleri. Comp. 
Rend. Soc. Biol. Paris 73:14-15. 

Povah, Alfred H. W. 1917. A critical study of 
certain species of Mucor. Bui. Torrey Bot. 
Club 44:241-259, 287-313. 4 pis. 

Vuillemin, Paul. 1903. Importance taxonomique 
de l’appareil zygospore des Mucroinees. Bui. 
Soc. Myc. de France 19:106-118. 

1904 Recherches morphologiques et morpho- 
geniques sur la membrane des zygospores. 
Ann. Myc. 2:483-506. 4 pis. 



' 

' 

' 



Papers in Chemistry 

From the Report of the Section Chairman 

The Chemistry section program carried ten papers, seven of which 
are herein published. The others were: 

Cheronis, N. D., Chicago, Ill., Comparison between small and 
large group instruction in the teaching of the physical sciences. 

Finger, G. C., Illinois Geological Survey, Urbana, Ill., Illinois 
fluorspar in the war effort. 

Reed, F. H., Illinois Geological Survey, Urbana, Ill., Illinois min¬ 
erals as chemical raw materials. 

Attendance at the meeting was approximately twenty. 

C. W. Bennett, Western Illinois State Teachers College, Macomb, 
Illinois, was elected chairman for the year 1943-44. 

(Signed) H. W. Gould, Chairman 
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SOME OBSERVATIONS OF THE INFLUENCE OF 
SODIUM CARBONATE IN WATER SUPPLIES 

Howard W. Adams 

Illinois State Normal University, Normal, Illinois 

The town of Normal has a water sup¬ 
ply containing1 400 p.p.m. of total alka- 
inity and 250 p.p.m. of hardness making 
;he sodium carbonate content, therefore, 
L50, all calculated as CaC03 p.p.m. The 
vater is obtained from wells having a 
lepth of approximately 220 feet. The 
vater, as drawn from the ground, con- 
;ains methane. 

When the water is used in apparatus 
n which concentration due to evapora- 
;ion may take place, the influence of the 
sodium carbonate becomes apparent. In 
she steam boilers of the University heat¬ 
ing plant, a constant check on the sodium 
carbonate content of the boiler water 
roust be made lest boiler plates and tubes 
De injured. Periodically, samples of the 
water are titrated for total and caustic 
alkalinity and the necessary quantity of 
sodium bisulfate is added to the make-up 
water to correct the causticity. Dissolved 
solids are determined by hydrometer, and 
blow-downs are practiced to keep these 
solids within limits. If the caustic alka¬ 
linity becomes excessive it causes froth¬ 
ing in the boilers, and live steam used 
at places some distances from the heat¬ 
ing plant may have considerable lime and 
iron compounds entrained. The same 
frothing tendency is observed in the 
water still of the David Felmley Hall of 
Science. Increasing sodium carbonate 
here may cause such frothing as to carry 
sediment down the condenser tubes of the 
still, thereby seriously contaminating the 
distilled water. Mounting caustic alka¬ 
linity in the still boiler is prevented by 
daily draining and flushing. 

The injurious effect of sodium carbon¬ 
ate in boiler waters has been pointed out 
by Mr. C. C. Williams, superintendent of 
water and light for the City of Blooming¬ 
ton. His attention was first called to the 
effect early in 1917 when some cracks 
near rivets in a boiler shell were ob¬ 
served. The boiler was one of a bank 
used in the municipal light and water 
plant. It was operating on water ob¬ 

tained from the Town of Normal. A 
repairer was employed on the boiler, and 
he found that the metal, under the torch, 
failed to flow as good steel does, and 
moreover had become brittle. Mr. Wil¬ 
liams pronounced it a case of caustic em¬ 
brittlement which was then just coming 
to be recognized. The early recognition 
of the failure of the boiler shell probably 
averted a serious explosion. Because the 
make-up water for this boiler had come 
from the Town of Normal supply, there 
had been a gradual increase in the 
sodium carbonate content. 

In 1917 Stromeyer2 pointed out that 
caustic liquors have a deteriorating effect 
on open hearth and basic Bessemer steels 
as well as on wrought iron. Merica3 
offered the theory that the failure of the 
steel was due to absorption of nascent 
hydrogen, forming an alloy having less 
ductility than the original steel. He 
claimed that such failure could be pre¬ 
vented by introducing sodium chromate 
into the water. 

In 1926 and again in 1928 Parr and 
Straub4 reported extensive studies on 
caustic embrittlement of steel. They 
found that failure was most likely to 
occur at seams and rivets where there is 
the combined effect5 of caustic and stress, 
and that phosphates, tannates, nitrates 
and chromates inhibit such action, as 
well as the maintenance of a ratio of 
sodium sulfate to sodium hydroxide of 2 
to 1. Furthermore, they found that a 
concentration of 6000 grains of sodium 
carbonate6 per gallon (102.6 g per liter) 
was necessary to produce embrittlement. 
Straub found no steel is resistant to the 
embrittling effect of caustic. Since the 
water supply of Normal contains no 
sulfates it is obvious that a two-to-one 
sodium sulfate—sodium carbonate ratio 
could not operate to prevent embrittling 
unless some sulfate were added. 

The results of the extensive studies by 
Parr and others offer some explanation 
of certain boiler failures in the vicinity. 
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About 1897 there was a disastrous ex¬ 
plosion of a steam boiler in Normal used 
in an electric generating plant. It was 
operating on the same kind of water as 
is now supplied by the Town of Normal. 
A worker in the plant attributed the 
failure to low water. However, caustic 
embrittlement may have been an impor¬ 

tant factor. 
In 1912 there was an explosion in the 

steam plant of the Illinois Power and 
Light corporation in Bloomington. The 
boiler that failed was operating on a 
ground water taken from what is known 
as the Big Four Valley, which water is 
of the same general character as that 
used in Normal. This again may be at¬ 
tributed to caustic embrittlement. 

The sodium carbonate content of 150 
p.p.m. found in Normal water makes the 
presence of sulfates of calcium and mag¬ 
nesium impossible and therefore boiler 
users have no adhering scale. The sodium 

carbonate does not become troublesom 

until its concentration is greatly in 

creased. It consumes no soap. Thos 

accustomed to drinking the water com 

to like it. The removal of the carbonat 

by use of calcium hydroxide is a simpl 

matter, and this treatment would als 

remove the calcium and iron present a 

bicarbonates. This softening program th 

town expects soon to inaugurate. 
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CERTAIN VITAMIN REQUIREMENTS OF BACTERIA 
F. M. Clark 

University of Illinois, Urbana 

The existence of a large number of 
vitamins is now known. Some of these 
substances were recognized as important 
in the nutrition of microorganisms before 
their value in human nutrition was estab¬ 
lished. It has been known for some time 
that the addition of liver extract, tomato 
juice, asparagus juice and similar ma¬ 
terials caused an increased growth of 
microorganisms in culture media. Since 
these solutions were of indefinite composi¬ 
tion the substances causing this increased 
growth were not definitely known. Dur¬ 
ing the past few years the chemistry of 
the vitamins has advanced to the point 
where the chemical structure of many 
of them is known and they can be ob¬ 
tained for study in bacterial nutrition in 
pure form. So important are some of 
these vitamin substances in the nutrition 
of various strains of bacteria that they 
fail to grow in a medium that is satis¬ 
factory in all other respects. 

The work reported in this paper con¬ 
cerns a study of the metabolite (vitamin) 
requirements of a thermophilic anaerobe, 

Clostridium thermosaccharolyticum. Thi 

organism is important in the spoilag 

of non-acid canned foods. The probler 

was suggested when it was observed tha' 

this organism failed to grow consistent! 

in a new improved anaerobic medium ir 

troduced by Brewer (1940). 

A medium suggested by Snell an 
Wright (1941) was chosen. It consist 
of vitamin-free hydrolyzed casein, cys 
tine, tryptophane, sodium acetate, glv 
cose, adenine, guanine and uracil and 
mixture of inorganic salts. In this base 
medium the test organism failed to gi\ 
any appreciable growth or acid produ< 
tion. To this basal medium was adde 
the various vitamins to be tested. Anae] 
obic conditions were maintained by tt 
addition of reduced iron. The substance 
tested were water soluble vitamins of tt 
B Complex. In all, eight substances wei 
tested, namely:—thiamin (Bi), Ribofk 
vin (B2), pyridoxin (Be) biotin, par 
amino benzoic acid, nicotinic acid, pant< 
thenic acid and folic acid. 



Chemistry—19 A3 Meeting 121 

The stock culture was stored in liver 
nfusion medium. Transfers were made 
;o the test medium to which had been 
idded all eight of the substances to be 
;ested. Growth appeared as satisfactory 
n this test medium as in the liver in- 
?usion. The inoculum for tests was pre¬ 
pared by growing the organism through 
;hree or more transfers in the hydrolyzed 
;asein media, centrifuging, washing the 
jells with physiological salt solution, 
igain centrifuging and re-suspending 
;hese cells in 99 ml. of physiological salt 
solution. Two drops of this suspension 
per tube of medium was used as the in¬ 
oculum. Since the organism produces an 
appreciable amount of acid, the effect 
of each vitamin was measured by titrat- 
ng the acidity produced. 

Two methods were used for testing the 
vitamin requirements of this organism, 
[n the first series tubes were set up so 
that the first tube contained all eight 
vitamins, the second contained only seven 
and so on until the last tube in the series 
was basal medium only. A second series 
was run starting with the basal media 
and adding first one, then two and so 
forth until all had been added. Using 
these two technics it was found that 
when thiamin, biotin or para amino ben¬ 
zoic acid were omitted from the medium 
growth and acid production was only 
slightly better than in the basal medium. 
In further work it was found that the 
addition of each of these substances 
singly to the base medium did not satisfy 
the requirements of the organism. Com¬ 
binations of two gave slightly better 
results, but for maximum acid produc¬ 
tion all three were required. 

After it has been established that these 
three substances were required, a medi¬ 
um was prepared containing these essen¬ 
tial vitamins. Using this as a basal me¬ 
dium the other five substances were added 
singly and in combination. Riboflavin, 
pyridoxin and folic acid had no effect on 
acid production. Nicotinic acid and pan¬ 
tothenic acid alone and when added to¬ 
gether gave slight stimulation. From 
these results it appears that thiamin, 

, biotin and para amino benzoic acid are 
essential, whereas nicotinic acid and 
pantothenic acid produce some stimula¬ 

tion but growth and acid production 
occurs in their absence. 

Since the organism responds to thia¬ 
min, tests were run to determine its 
requirements for this vitamin. The basal 
medium was prepared containing all the 
necessary substances except thiamin. 
Thiamin was then added to separate 
tubes in amounts ranging from .01 micro¬ 
grams per 10 ml. of medium. Results 
based on acidity produced indicated max¬ 
imum acid production when one micro¬ 
gram of thiamin per 10 ml. of medium 
was used. Acid production decreased as 
the amount of thiamin was decreased. 
Addition of amounts greater than 1 
microgram per 10 ml. of medium did not 
increase acid production. No toxicity 
resulted when as high as 100 micrograms 
was added. 

The thiamin molecule is made up of 
a pyramidine and a thiazole structure. 
Certain organisms can use one or the 
other of these structures to replace thia¬ 
min in their nutrition. Other organisms 
can combine these two compounds when 
both are present in the medium and thus 
produce thiamin. Some organisms re¬ 
quire the entire molecule. Tests with 
Clostridium thermosaccharolyticum on 
these two fractions of thiamin indicated 
that the pyramidine structure cannot be 
used to replace thiamin. The thiazole 
fraction is about one-tenth as effective 
in promoting acid production by this or¬ 
ganism. When both substances were 
added together no greater benefit was 
obtained than when thiazole alone was 
added. 

In conclusion, it may be stated that 
Clostridium thermosaccharolyticum when 
grown in a hydrolyzed casein glucose 
medium requires thiamin, biotin, and 
para amino benzoic acid. Nicotinic acid 
and pantothenic acid gave some stimu¬ 
lation but are not absolutely esseptial. 
The pyrimidine fraction of thiamin is 
not utilized by this organism whereas the 
thiazole fraction gives about one-tenth 
the value of thiamin. 
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INULIN CONTAINING PLANTS AS A SOURCE OF 
ETHYL ALCOHOL—THE ACTION OF 

INVERTASE FROM YEAST 
D. T. Englis and L. F. Szerlong 

University of Illinois, Urbana 

Just as there exists in nature a large 
group of plants which store starch, we 
have another large group which store 
inulin, a polysaccharide somewhat simi¬ 
lar to starch but yielding, upon complete 
hydrolysis, fructose instead of glucose. 
The best known representatives are the 
Jerusalem artichoke, dahlia, and chicory. 
The yields per acre of some of these 
plants are great enough that they may 
be considered as potential competitors of 
present sugar sources. While ordinary 
brewer’s yeast apparently will not attack 
pure inulin, Windisch,14 Rudiger10 and 
Vadas13 have reported good yields of alco¬ 
hol from artichoke tubers without any 
preliminary hydrolysis. Vadas stresses 
the fact that if the tubers are cooked, 
some of the raw pulp should be included 
to furnish inulase or other enzymes 
which function in breaking down the 
complex polysaccharides in the same way 
that malt breaks down starch. Under- 
kofler, McPherson and Fulmer12 have re¬ 
cently studied the fermentation of dried 
artichoke material and report excellent 
results without a preliminary hydrolysis. 
Similar findings had been made by Ap- 
pleman1 in this laboratory and the work 
has since been confirmed and extended 

by Clark.2 
As early as 1867 Dubrunfaut5 present¬ 

ed data indicating the presence of sucrose 
in plants containing inulin. The degrada¬ 
tion, or change to simpler nonreducing 
substances, in the roots or tubers which 
have been allowed to remain in the 
ground over winter has been studied by 
Geslin and Wolf,6 Colin,3 Thaysen Baker 
and Green and De Vito.4 Evidence for 
the presence of sucrose is (a) the in¬ 
crease in the reducing sugar as a result 
of the action of invertase, (b) the lower¬ 
ing of the rotation after hydrolysis, and 
(c) the presence of aldose sugars as 
shown by their oxidation by iodine in 
alkaline solution. However, the actual 
isolation of the sugar and positive proof 
of its occurrence seem to be lacking. 

There is considerable controversy amonj 
the workers as to the nature of the ma 
terials which may accompany the appar 
ent sucrose. 

Before attempting to utilize plants 
containing inulin as a source of alcoho 
it is desirable to know as much as possi 
ble about the properties of their carbo 
hydrates, particularly as regards theii 
response to the enzymes which occur ii 

yeast. 
It was the object of this work, whicl 

is preliminary in character, to study th< 
action of invertase as ordinarily appliei 
to the quantitative estimation of sucros< 
in plant materials and to compare th< 
results with those obtained by the alter 
nate acid hydrolytic method. 

Experimental 

Plant materials.—The products subject 
ed to analysis were samples of artichoke 
chicory and dahlia roots. All were har 
vested in the late fall and had beei 
washed, sliced in Vs inch slices, and drie( 
in a well ventilated oven at about 160 °C 

Invertase.—The enzyme was obtaine< 
from baker’s yeast according to the pro 
cedure outlined by Morrow.9 The produc 
was purified by dialysis in a collodioi 

bag. 

Analytical procedure.—The thorough^ 
dried samples were finely ground in i 
drug mill. A five-gram portion wa 
weighed into a 400 ml. beaker, 150 ml 
of hot distilled water added, the beake 
placed on a steam cone and heated fo: 
thirty minutes. When the heating perio< 
was complete the mixture was filtered 
the residue washed, and the filtrah 
cooled. Neutral lead acetate (8 per cen 
solution) was added to precipitate th 
proteins, the mixture was made up t< 
500 ml. and filtered. To the filtrat 
enough solid disodium phosphate wa 
added to precipitate the excess lead an< 
the solution was again filtered. 
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Table 1.—Apparent Sucrose in Plants Containing Inulin—Analysis of 

the Extract of the Dried Material 

Plant Material 

Per cent Apparent Invert Sugar 
Total Availar le 
Reducing Sugar 

(Complete Hydrolysis) 

Initially Present 
After 

Invertase Hydrolysis 
After 

Cold HC1 Hydrolysis 

irtichoke. 1.76 39.1 48 0 
1 01 25 3 31 8 59 2 

2 00 33.3 37.8 

Chicory . 4 10 34 9 48 2 

4.66 29 4 46 6 48 4 

6.58 37.8 46 9 

Jahlia . 6.11 26.7 42 6 
6 20 34.0 41 7 50.7 

6.54 26.6 42 9 

Per cent Apparent Sucrose (Average) 

By Invertase 
Hydrolysis 

By HC1 
Hydrolysis 

Per cent Sucrose by 
Invertase 

Total Sugar 

Artichoke. 31.0 37.6 52 5 

Chicory. 33.2 42.1 68.5 

Dahlia. 23.0 36 1 45 3 

Aliquots of the filtrate were analyzed 
for reducing sugar by the Munson and 
Walker method. Other portions were 
treated for hydrolysis of sucrose by (a) 
invertase and (b) HC1 at room tempera¬ 
ture and analyzed according to official 
methods.8 The amount of reducing sugar 
after hydrolysis was estimated by the 
Lane and Eynon method. From the in¬ 
crease, the apparent sucrose was calcu¬ 
lated for the invertase procedure. The 
total available sugar was established by 
hydrolyzing at 70° with acid according 
to the specifications of Jackson and asso¬ 
ciates7 and following with a Lane and 
Eynon titration. 

The results are shown in Table 1. 

Discussion.—The higher values for ap¬ 
parent sucrose by the acid as compared 
to the invertase hydrolysis were antici¬ 
pated. Close agreement of the results 
from the two methods of treatment would 
be obtained only if sucrose were present 
alone or along with materials hydrolyz¬ 
able only with difficulty. However, the 
variation in duplicate analyses by the 
invertase method at first appeared dis¬ 
concerting. Since the conditions observed 
for the reaction were adequate for in¬ 
version of a quantity of sucrose far in 
excess of the total sample weight taken, 

one cannot assign the lack of agreement 
to incomplete hydrolysis of this sugar. 
The results suggest that the invertase, 
as ordinarily prepared, may contain car- 
bohydrases other than sucrose in small 
amounts which act slowly upon other 
materials present in the extract. Since 
repeat analyses made on different days 
were subject to widely varying temper¬ 
ature conditions (24 hours at room tem¬ 
perature), the extent of these other re¬ 
actions must have varied considerably. 
As has been indicated by previous work¬ 
ers, the ready fermentability of the dried 
material and of the spring harvested 
crops probably results from a slight deg¬ 
radation of inulin to compounds more 
susceptible to the action of the yeast. 

Entirely apart from the fermentation 
aspect it should be emphasized that if 
“invertase” does contain other carbo- 
hydrases, the assumption that the system 
is specific for the sucrose linkage may 
lead to considerable error when applied 
without discrimination to the determina¬ 
tion of sucrose in plant products. 
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SOME NEW SOURCES OF ALUMINUM AND 
MAGNESIUM 

B. S. Hopkins 

University of Illinois, Urbana 

The sudden demand for light metals 
for the construction of airships in the 
national defense has put an enormous 
burden upon the producers of these 
metals. The responses have been start¬ 
ling. It has been stated that the present 
plans for the production of aluminum 
contemplate turning out from seven to 
ten times as much metal as was produced 
in the peak year before the war broke 
out. In like manner the capacity for the 
production of magnesium in 1942 was 
fifty times as great as the consumption 
in 1935, and in addition plans already 
announced for the present year contem¬ 
plate the doubling of the 1942 capacity. 

These meteoric developments have 
raised serious questions regarding our 
supply of raw material. Both of these 
metals have formerly been produced 
from a single source, and in both cases 
this natural material is limited in quanti¬ 
ty. In both cases also we have abundant 
native compounds which we have never 
learned to employ for the production 
of the metal. As a consequence many 
serious problems have arisen as to possi¬ 
ble methods for obtaining these metals 
from new sources, since these metals are 
vitally important in winning and main¬ 
taining air supremacy in the various 
battle fronts of the world conflict. 

Aluminum was formerly obtained com¬ 
mercially from bauxite, a hydrated oxide 
which usually contains some iron and 
silica. The first step in winning the 
metal from this ore by the universally 
used Bayer method is digestion of the 
powdered bauxite with NaOH. This pro¬ 
duces soluble NaA102 but the Fe203 is 

not changed and is effectively removec 
by filtration. The aluminate is boiled anc 
thoroughly aerated, resulting in the pre 
cipitation of Al(OH)3, which is filterec 
off and ignited to A1203. This purifiec 
alumina is dissolved in a suitable solvenl 
such as fused cryolite, and this solutior 
upon electrolysis yields aluminum metal 

If the bauxite contains silica the alka¬ 
line digestion causes a reaction betweer. 
the Si02 and the aluminum compounds, 
producing aluminum silicates. These 
compounds are stable and the Bayei 
process does not recover the aluminum 
metal from them. As a consequence the 
presence of silica in the bauxite causes 
the “freezing” of the aluminum with a 
consequent reduction of the yield. Tc 
avoid as much as possible loss from this 
cause, only bauxite with less than about 
7% Si02 has been considered suitable 
for use in the aluminum industry. De¬ 
posits of such high grade bauxite are 
not common and their exhaustion by the 
present frantic demand for aluminum is 
imminent. As a consequence there must 
be found new deposits of high grade 
bauxite, methods of removing the silica 
from the low grade bauxite, or practical 
methods for removing aluminum from 
the silicate tailings. 

An effective washing method of proc¬ 
essing bauxite ore for the removal of 
sand was announced by Alcoa in January 
1943. If the process is successful it will 
do much to extend the production of 
aluminum because it will make available 
enormous deposits of low grade bauxite. 
So far prospectors have uncovered 6,000,- 
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00 tons of B grade ore, and the search 
3 being continued. 

For many years metallurgists have 
reamed of the time when it would be 
lossible to extract aluminum from sili- 
ate ores at moderate cost. When such a 
trocess is devised it will greatly extend 
ur supply of this metal. The tailings 
f Bayer purification plants will furnish 

, large supply of material. The East St. 
jouis plant is said to have a 30-year 
iccumulation of silicate tailings, which 
vould be equivalent to a million tons of 
lauxite. A lime-soda sintering process 
las had some success, and it is now pro- 
josed to use this treatment for the re- 
:overy of aluminum from plants using 
ligh-silica bauxite. 

Many attempts have been made to ex- 
ract aluminum from clay and shale. 
3robably the most successful method so 
“ar proposed is the Pedersen process 
vhich consists of sintering the clay with 
imestone and then leaching with soda. 
Commercial trials of this method are 
mder way. The great advantage which 
;he method enjoys is the fact that it does 
lot require the use of acids. The extrac¬ 
tion of aluminum compounds from clay 
iy means of acids has been in use for 
nany years, but when these compounds 
ire used for the production of aluminum 
metal, costs increase rapidly. But prog¬ 
ress in this direction has been so rapid 
that Donald Nelson has been lead to pre- 
iict that after August 1943 the United 
States would be independent of foreign 
supplies of aluminum ores. 

Alunite is a hydrated potassium alu¬ 
minum sulfate which is found in great 
abundance in certain areas of the west. 

[Near Marysvale, Utah, there are depos¬ 
its which are capable of producing 30,000 

; tons of aluminum metal annually for 
j ten years. Acid extraction of alunite 
seems to be most promising, and the 
presence of sulfur in the mineral is an 
advantage because it permits a plant to 

j extract clay as well as alunite. Pilot 
plants are now in operation in Utah, at 
Wilson Dam as well as at other locations. 
It will be recalled that during World 
War I it was proposed to extract potash 
from alunite. If the present emergency 
results in reclaiming both potash and 
aluminum from alunite, there will be a 
great advantage because costs can be 
distributed between these two useful ma¬ 
terials. 

The total expenditure scheduled for 
new aluminum plants in the United 
States from January 1, 1940 to July, 
1943, is estimated at approximately 
$600,000,000. 

Before the outbreak of the present war 
the sole producer of magnesium in the 
United States was the Dow Chemical 
Company, who prepared the metal by 
electrolysis of fused MgCL which was 
obtained from deep well brines. When 
it became evident that this source of ma¬ 
terial could not yield an adequate supply 
of magnesium, a large plant was built 
at Freeport, Texas to reclaim MgCL from 
sea water. Later plants were built to 
use MgCL which is prepared by the ac¬ 
tion of HC1 upon magnesite (MgCOa), 
dolomite (MgC03.CaC03) or brucite 
(Mg (OH) 2). These later methods are ex¬ 
pensive because of the quantity of acid 
required and the inevitable loss which 
accompanies its recovery. 

Since most of the ores of magnesium 
are carbonates or hydroxides, they are 
converted to oxides without too great 
difficulty. Some method of winning mag¬ 
nesium from the oxide seems to be high¬ 
ly desirable. Apparently little effort has 
been made in this country to obtain mag¬ 
nesium by electrolysis of a solution of the 
oxide in a fused halide bath. This method 
has been the favorite one in Germany, 
which has produced about half of the 
pre-war magnesium. In the United 
States and Canada many efforts have 
been made to produce magnesium by the 
thermal reduction of MgO. 

Prominent among these methods is the 
Hansgrig process, now being operated 
by Henry Reiser in a huge plant near 
San Francisco which has a capacity of 
66,000,000 pounds per year. Brucite or 
magnesite is ignited to the oxide and 
reduction is accomplished by heating at 
a high temperature with carbon. The 
magnesium produced under these condi¬ 
tions is in the vapor phase and must be 
chilled suddenly to prevent a reverse ac¬ 
tion. Chilling is accomplished by* flooding 
the chamber with intensely cold hydro¬ 
gen, natural gas, or fuel oil. This meth¬ 
od has encountered some unfortunate 
handicaps, but now seems to be in suc¬ 
cessful operation. 

The Pidgeon process has been devel¬ 
oped under the Canadian National Re¬ 
search Council. As raw material, dolo¬ 
mite may be used. The ore is calcined to 
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the oxide, and then reduced by ferrosili- 
con in a vacuum. Dicalcium silicate is 
formed and pure magnesium condenses 
without difficulty. This method is said to 
operate smoothly, to be safe, to require 
inexpensive equipment and to give excel¬ 
lent metal at low cost. 

Another process which looks promising 
has been devised by Professor Doener of 
Washington State College. It operates 
upon low grade magnesite or dolomite, 
which is first concentrated by a flota¬ 
tion process and then treated by some¬ 
what the same reduction method as is 
used by the Hansgrig process. The metal 
is cooled with fuel oil and purified by 
distillation. 

A new magnesium plant near Spokane 
uses an electric-thermic reduction process 
which is a modification developed by the 
U. S. Bureau of Mines. It uses as raw 
material the magnesite from Stevens 
County, Washington, and power from 
the Grand Coulee dam. 

Other plants are now in operation or 
are being completed at Las Vegas, Ne¬ 
vada; Austin, Texas; Lake Charles, 
Louisiana, and Painesville, Ohio. It is 
expected that the total capacity for 1942 
will reach 100,000 tons annually, and 
present plans contemplate the doubling 
of this capacity within the near future. 

Because both aluminum and magnesi¬ 
um are relatively new as engineering 

metals and because they are both light 
in weight and form strong alloys, it is 

natural to regard these metals as rivals. 
It is by no means certain that they will 
become serious competitors for favor 
among engineering designers, since each 

plays a particular part in the design of 
airplanes. But a comparison of the two 
metals is interesting. 

The electrolytic production of one 
pound of aluminum requires 12 kilowatt- 
hours of electrical energy, while a pound 
of magnesium uses 9.15 kilowatt-hours. 
Aluminum has a density (2.70) which 
is a third more than that of magnesium 
(1.74). Both metals are now selling for 
the lowest price in history—aluminum 
pig at 15 cents a pound and magnesium 
is still quoted at 27 cents a pound al¬ 
though it seems certain that this price 
may be greatly reduced. These prices 
seem high for the extensive use of an 
engineering material, but if the cost per 
cubic foot is computed it is discovered 
that aluminum and magnesium by the 
cubic foot are the cheapest of all our 
metals with the single exception of iron. 
The enormous growth of the light metal 
industries, together with the distinct ad¬ 
vantages in their use, make it seem safe 
to predict that the post-war period will 
see a great expanse in their use for civil¬ 
ian purposes. 

DETERMINATION OF MAGNESIUM 
I. J. Jenks 

Dekalb, Illinois 

Reading through the literature on the 
determination of magnesium, one finds 
various methods of procedure, and also 
varying statements regarding the proper¬ 
ties of the precipitates formed. Prac¬ 
tically all give the MgNH4P04-6H20 
method for the separation of the mag¬ 
nesium from the solution, but they differ 
in the procedure of separation as well 
as in the method of drying, igniting, and 
weighing the precipitate. 

This research is an attempt to check 
some of the statements regarding the 
properties of the precipitates. First, an 

attempt was made to determine the tran 
sition temperatures of MgNH4P04-6H20 
The material was prepared by dissolving 
20 g. of C.P. MgCl2-6H20 in about 150C 
ml. of distilled water, adding 25 g. o! 
NH4C1, making slightly acid with HC1 
neutralizing by adding NH40H dropwise 
adding NH4OH to 1.5 molar and allow 
ing to stand over night. The precipitafi 
was then collected on a large Buechnei 
funnel, washed free from chlorides, anc 
dried at room temperature (24°C.). 

Samples were then placed in a dilatom 
eter tube with C.P. toluene. A checl 
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ample of Rochelle salts was placed in a 
imilar tube, and the two were placed 
ide by side in a bath of glycerol. The 
emperature of the bath was raised one 
egree at a time and the readings of the 
ise in the tube were taken. 

The rise per degree was quite uniform 
n both tubes up to 54°C., when the tube 
ontaining the Rochelle salts gave a sud- 
en rise; but no rapid rise in the tube 
/ith the magnesium salt was noted until 
5-86°C., at which temperature gas bub- 
•les arose, rapidly forcing the liquid out 

f the tube. 
Another method suggested by Ham- 

ich, (J. Chem. Soc. 1589, 1920) was 
ried. Samples of the two hydrates were 
ilaced in toluene in test-tubes with ther- 
aometers, in a bath of glycerol. The 
;lycerol bath was heated slowly with an 
lectric heater, and the behavior of the 
rystals was watched very carefully at 
ach rise in temperature. No change in 
ither tube was noted until 54 °C. when 
he crystals of Rochelle salts could be 
een to crack and break down, while 
irops of moisture could be seen to collect 
iround them. No change could be noted 
n the magnesium salt until 60 °C. when 
m occasional bubble of gas would form 
iround the crystals; but no noticeable 
tction occurred until 85°, when the bub- 
ding continued for several minutes. The 
jas given off at this temperature turned 
itmus blue and was evidently NH3. Wa- 
er would not boil off at this temperature 
ind neither was any moisture noted 
iround the crystals, as was noted with 
he Rochelle salts. 

Effect of Heating at Different 

Temperatures 

Six samples were prepared by taking 
>0 ml. (with a pipette) from a solution 
>f MgCl2 (made up 1 g. Mg. per liter), 

Precipitated as above, and after standing 
>ver night, filtered into previously pre- 
)ared and weighed Gooch crucibles 
narked A, B, C, D, E, F. After filtering, 
he samples were washed free from chlor- 
des with 1.5 molar NH4OH, allowed to 
Iry on the suction for about 15 minutes, 
ind then allowed to stand at room tem¬ 
peratures for one hour. Samples A, B, 
3, and F were placed in an electric oven 
it 75°C. Sample C was left in the desic¬ 
cator over CaCl2. After one hour the 
samples were removed from the oven, 

cooled in a desiccator, and weighed: A 
0.4438; B 0.3574; D 0.4643, E 0.4952; 
and F 0.4595. C, which remained in the 
desiccator at room temperature, weighed 
0.5017, which is nearly theoretical for 

the hexahydrate. 

Samples A, B, C, and D were then 
placed in the oven at 75 °C. and left over 
night. E and F remained in the desic¬ 
cator. After cooling in the desiccator and 
weighing: values A 0.2976; B 0 3115; C 
0.2955; D 0.3105; E 0.4940; and F 0.4595 
were obtained. Samples were again 
placed in the oven, and the temperature 
was raised to 85 °C. These were left for 
24 hours, then cooled and weighed: A 
0.2952; B 0.3005; C 0.2898; D 0.3009. 
These show only slight decrease in weight 
even at ten degrees rise in temperature. 
Samples C and D were replaced in the 
over at 85 °C. and left another 24 hours 
with no further loss in weight. 

Further Heating of Samples C and D 

24 hours at 92° C 0.2858 D 0.2875 

24 “ “ 115° “ 0.2754 “ 0.2773 

24 “ “ 165° “ 0.2634 a 0.2624 

24 “ “ 300° “ 0.2458 a 0.2465 

24 “ “ 500° “ 0.2378 a 0.2380 

24 “ “ 700° “ 0.2376 u 0.2375 

24 “ “ 800° “ 0.2376 “ 0.2375 

24 “ “ 900° “ 0.2376 u 0.2375 

Loss on heating seemed to be complete 
at 700 °C., as no further loss was noted 
up to 900°C. Also, 85 °C. seemed to be 
the transition point of some definite com¬ 
pound. 

Four more samples were prepared and 
filtered in the same manner as above, 
dried by suction, placed in the desiccator, 
left at room temperature for seven days, 
then weighed: G 0.4830; H 0.5164; I 
0.5144; and J 0.5161. Sample G seemed 
to be an exception and was left in the 
desiccator. Sample I, of this set, and 
sample B, of the former set, were run 
for N2 by the Kjeldahl method: I 0.0305 
g. N2 and B 0.0115 g. N2. Sample I 
showed nearly the theoretical amount of 
N2 for the hexahydrate, while B, which 
had been heated to 85 °C. for 24 hours, 
lost two-thirds of its nitrogen. This 
shows that the loss in weight of samples 
heated above 85 °C is not all water of 
hydration, as many have stated, but is 
also NH3. Samples H and J were then 
heated in the muffle in 24 hour stages 
with the following results: 
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24 hours at 300 
24 “ “ 500 
24 “ “ 600 
24 “ “ 700' 
24 “ “ 800' 

H 0.2476 J 0.2490 
“ 0.2371 “ 0.2383 
“ 0.2361 “ 0.2364 
“ 0.2361 “ 0.2360 
“ 0.2361 “ 0.2360 

Another set of six samples were pre¬ 
pared as before. Three were left in the 
desiccator while the other three were 
placed in the oven at 60 °C. then taken 
out and cooled in the desiccator and 
weighed at 24-hour intervals. 

24 hrs. at 60° K 0.3547 L 0.3476 M 0.3340 
48 “ “ “ “ 0.3024 “ 0.3054 “ 0.3040 
72 “ “ “ “ 0.2994 “ 0.3002 “ 0.2978 
96 “ “ “ “ 0.2979 “ 0.2992 “ 0.2978 

Samples of N, I, and B Remaining 
in Desiccator 

48 hours in 
Desiccator N 0.5170 I 0.5198 B 0.5226 

4 weeks in 
Desiccator N 0.5161 I 0.5090 B 0.5200 

10 weeks in 
Desiccator N 0.5062 I 0.5046 B 0.5176 

Samples N and B of the above were 
run for N2 with the following results: 
N 0.308 and B 0.0315. These are just 
slightly above theoretical for the hexa- 
hydrate. Samples K, L, and M came to 
quite a constant weight after 96 hours 
at 60 °C., supporting a statement by War- 
shaw that above 50°C., samples of hexa- 
hydrate, after 15 days, lost 41.75 per cent 
of their weight. 

Six more samples were prepared as 
before. Three were placed in the oven 
at 75 °C., and three were left in the desic¬ 
cator. After 48 hours, the average weight 
from the oven was 0.2962, and the aver¬ 
age weight of those in the desiccator was 
0.5133. These samples were then run for 
N2. Those from the desiccator averaged 
0.0308, and those from the oven averaged 
0.0116. 

Again, samples heated in the oven over 
50°C. and under 85°C. lose about 40 per 

cent of their weight, as suggested b; 
Warshaw, but of this 40 per cent abou 
two-thirds of their notrogen is included 

Comparison of Hot and Cold Method 

Six samples were prepared hot am 
made slightly acid with HC1; 40 per cen 
excess of (NH4)2HPC>4 was added, the so 
lution was heated to boiling, then NH*OI 
from a dropping funnel was added unti 
alkaline, while stirring with an elector 
stirrer. It was cooled in ice water, mad' 
alkaline with NH4OH to 1.5 molar 
stirred for ten minutes, and allowed t«, 
stand for 24 hours. These samples wer« 
then filtered into prepared Gooch filters 
dried, washed, placed in the electric fur 
nace, heated to 900 °C., cooled, anc 
weighed. The precipitates were mor< 
crystalline than those prepared cold 
They filtered more easily, and took les: 
time to wash free from chlorides. Th< 
average weight was 0.2276. 

Six samples were prepared in the sami 
way except that they were cold. Thej 
were washed, dried, placed in the electric 
oven, and heated to 900°C. The averag< 
weight of these was 0.2304. The theoreti 
cal value for Mg2P20- is 0.2289. 

Summary 

The cooling of the MgNH4P04-6H2C 
sample should be as rapid as posisble 
the precipitation should be kept below 
30°C. 

The weight is retained for weeks in a 
desiccator if the temperature has previ¬ 
ously been kept below 30°C. However 
as much as two-thirds of the NH3 is lost 
if the temperature goes above 50°C. 

The hot precipitation gives slightly 
lower results than the cold, but it has the 
advantage of yielding larger crystals. I 
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PERCHLORIC ACID—A NEGLECTED CHAPTER 
IN GENERAL CHEMISTRY 

J. H. Reedy 

University of Illinois, Urbana 

An examination of a dozen or more 
jollege textbooks on general chemistry 
showed that only one of them gave per¬ 
chloric acid more than passing notice. 
The omission of this substance from the 
ist of important inorganic compounds 
cannot be due to any lack of industrial 
mportance. A recent estimate is that 
500,000 to 500,000 pounds of perchlorates 
ire produced each month. This puts 
Derchloric acid approximately in the class 
vith phosphoric acid. 

The fact that perchloric acid has come 
nto importance only recently may have 
something to do with its omission. Au¬ 
thors are hesitant about giving space to 
lew compounds as long as there is any 
juestion as to their eligibility to a chemi¬ 
cal “Who’s Who” or “What’s What.” 

The compass of textbooks is limited, and 
‘a new topic cannot be squeezed in with- 
>ut squeezing something else out.” To 
lisplace another topic, a substance must 
lave definite industrial value or scientific 
significance. For example, if it is an 
malytical reagent, it must be able to 
compete with other reagents of recog- 
lized standing. This consideration has 
counted against perchloric acid, for so 
nany analysts are so comfortable in pre¬ 
cipitating potassium with chloroplatinic 
icid that they are unwilling to give a 
lewcomer a trial. 

Perchloric acid has a reputation for 
ieing a treacherous explosive. A while 
igo a graduate student argued against 
ncluding perchloric acid in courses in 
general chemistry on the ground that its 
excessive explosiveness would tempt 
mung students to make illicit experi- 
nents that might turn out disastrously. 
This idea of spontaneous explosiveness 
s not limited to students. It is held by 
nany mature chemists who ought to 
mow better. The fact is, concentrated 
lerchloric acid is quite stable, and can- 
lot be exploded by shock or otherwise. 
-<ike nitric acid, it may be used in making 
explosives. If perchloric acid is to be 

banned for this reason, consistency would 
call for a similar exclusion of glycerine 
and toluene, or even sulfur and saltpeter. 

In my opinion, the strongest objection 
to including perchloric acid in the subject 
matter of elementary courses is a peda¬ 
gogical one. Many of the perchlorate re¬ 
actions that have been studied appear 
so involved and anomalous, that the stu¬ 
dent is dismayed and comes to doubt if 
there are any fundamental principles 
controlling the course of chemical reac¬ 
tions. An illustration is the awe-inspir¬ 
ing equation proposed for the prepara¬ 
tion of perchloric acid from ammonium 
perchlorate: 

34NH4CIO4 + 36HNOs + 8HC1 
34HC104 + 4C12 + 35N2O + 73H20 

Other discouraging equations from the 
literature are: 

14Fe + 48HC104 -* 
14Fe(C104)3 + 3C12 + 24H20 

O2O3 + 2HCIO4 + H2O 
2H2OO4 + C12 + 2O2 

Properties of Perchloric Acid 

Perchloric acid comes on the market 
as a clear mobile solution, with a density 
of 1.69, and containing about 72 per cent 
HCIO4. This solution boils at 203° with 
slight decomposition. Judged by its elec¬ 
trical conductivity, concentrated per¬ 
chloric acid is a very weak acid. Accord¬ 
ing to Linde, the 72 per cent acid is only 
5 per cent ionized. This accounts for its 
very slow reaction with active metals. 

Concentrated perchloric acid is a de¬ 
hydrating agent and chars wood and 
other cellulosic materials by the extrac¬ 
tion of water. Very naturally, the in¬ 
tensity of this effect varies with tempera¬ 
ture. 

At ordinary temperatures concentrated 
perchloric acid is a weak oxidizing agent 
—not as active as nitric acid. Upon 
heating to 150° or above, it shows marked 
oxidizing power, converting Cr+++ ions 
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Table 1.—The Reactions of Metals with 72% Perchloric Acid 

Metal Products Metal Products 

Magnesium. 
Aluminum. 

Mg++, H2 
A1+++, H2, Cl" (trace) 
Zn++, H2, Cl (trace) 
Cd++, H2. Cl" (trace) 
(1) Cr+++, Cr++(?), 
(2) Cr04—, HC1 
Fe+++, Fe++, H2, HC1, Cl2 
Co++, H2,HC1 
Ni++, H2,HC1 
Sn02, Cl2t Cl- 

Lead. 
Copper 

Pb**, H2, Cl2, HC1 
Cu2++, Cu++, HC1 
Hg++, HC1 
H3ASO4, HC1 
Sb204, HC1 
Bi+++, Cl- 
AgCl, Ag+ 
No reaction 
AuC14“ (trace) 

Zinc. Mercury 
Cadmium. Arsenic 
Chromium. 

Iron. 

Antimony. 
Bismuth. 
Silver 

Cobalt. Platinum 
Nickel. 
Tin. 

Gold. 

into the CrOr- form. This notable in¬ 
crease in oxidizing strength with temper¬ 
ature can be explained only by some 
change in the molecular composition of 
the solution. Although liquid perchloric 
acid is stable and very hard to reduce, 
gaseous perchloric acid is very unstable 
and therefore a powerful oxidizing agent. 
It is likely that this oxidizing action is 
inherent in the anhydrous HCICh mole¬ 
cules. 

Reactions with metals.—The reactions 
of perchloric acid with metals have been 
summarized in Table 1. From these re¬ 
sults it appears that only active metals 
react at low temperatures, and that they 
liberate hydrogen with no reduction of 
the perchlorate group. At high tempera¬ 
tures, the active metals continue the dis¬ 
placement of hydrogen, but with some 
reduction of the ClOr group; the nobler 
metals also react, but in their case no 
hydrogen is evolved, and the perchlorate 
group is reduced, forming chloride in 
most cases. Marked passivity is noted 
in certain cases; e.g., iron, chromium, 
nickel, etc. 

The various reactions of perchloric 
acid may be simply explained in terms 
of its ionic and molecular composition, 
which may be represented by the follow¬ 
ing equilibrium: 

H+ + ClOr dil^_ion HCICL.hydrate h_^t 

HCKL + H20 

The liberation of the hydrogen by active 
metals is characteristic of the H+ ion. It 
is interesting to note that this reaction 
becomes very vigorous when water is 
added to a hot mixture of acid and alu¬ 
minum or magnesium. 

The dehydration effects are inherent 
in the anhydrous perchloric acid, and 
therefore proceed more rapidly with rise 
in temperature. 

Oxidation is a property of the perchlc 
ric acid molecule, particularly the ar 
hydrous HC104. The ClOr ion is not a 
oxidizing agent; its neutral solution 
will not react with the most vigorou 
reducing agents. In these reactions per 
chloric acid shows a definite similarity 
to nitric acid, e.g., in the passivity effect 
noted above. 

As hydrogen chloride is formed by th 
reduction of perchloric acid, the solutio: 
contains a mixture of hydrochloric an 
perchloric acid which is analogous ii 

composition to aqua regia. This combina 
tion does not have any solvent action oi 
platinum, but its reaction with gold i 
appreciable. Evidently perchloric acid i 
not as effective as nitric acid in the oxi 
dation of hydrogen chloride. 

Determination of Reaction Products.— 

The determination of the products forme< 
in perchlorate reactions is a matter 0: 
some difficulty. Weighed samples of thi 
metals were completely reacted with ai 
excess of 72 per cent perchloric acid, an< 
the products were analyzed qualitatively 
and quantitatively. As far as possible 
volumetric methods were used for gaseou: 
products, and wet methods for dissolvee 
products. Lack of space prevents extend 
ed description. The general procedure 
may be outlined as follows: 

For low-temperature reactions, ir 
which hydrogen is the general product 
the apparatus shown in figure 1 was 
used. For high-temperature work, 1 

closed system is necessary to avoid fum 
ing and possible loss of volatile products 
The apparatus in figure 2 was designee 
for that purpose. In both cases, the 
apparatus was filled with the acid by 
suction at the stopcock of the burette 
Another type of apparatus was founc 
very useful, especially for high-temper¬ 
ature reactions. It consisted of a tube 
closed at one end and bent in the shape 
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f a W (fig. 3). The tube was filled with 
2 per cent perchloric acid, and the metal- 
c sample was introduced and maneu- 
ered into the bend next to the closed 
nd. Heat was applied at this point. In 
ais way the gases evolved were retained 
i the end and the second bend. These 
aseous products were then transferred 
nder water to other tubes for analysis. 

Apparatus for the analysis of the reaction prod- 
cts of perchloric acid. 

The displacement-of-hydrogen proceed¬ 
ed simply in the cases of the more re¬ 
active metals—i.e., those occurring above 
hydrogen in the E. M. F. series. In these 
cases, an equivalent weight of the metal 
forms a one-half molar volume of hydro¬ 
gen. In oxidation reactions, the predom¬ 
inant reduction product was gaseous 
hydrogen chloride, insoluble in concen¬ 
trated perchloric acid. The ratio of 
equivalents of metal consumed to Cl“ ion 
formed found in all cases to be close to 
8:1, showing the “oxidation number” of 
perchloric acid to be +8. This indicates 
that the fundamental decomposition of 
perchloric acid may be represented: 
HC104 -> HC1 + 40. Illustrative equa¬ 

tions are: 

4Ni + HCIO4 + 8H+ 
4Ni++ + HC1 + 4H20 

8Bi + 3HC104 + 24H+ 
8Bi+++ + 3HC1 + I2H2O 

In cases of prolonged heating, this ratio 
was frequently exceeded. The source of 
this excess chloride was found to be due 
to a slight decomposition of perchloric 
acid into hydrogen chloride and oxygen. 

The equations obtained by analytical 
methods are overall equations, and give 
no information about the concurrent or 
consequent reactions that may be in¬ 
volved. When concurrent reactions are 
involved, their relative speeds may vary 
with conditions, and the overall equations 
are not definite and are without signifi¬ 

cance. 

Summary.—The very complex equations 
found in the literature of perchloric acid 
are a deterrent to the inclusion of this 
subject in inorganic textbooks. 

These discouraging expressions may be 
eliminated by considering the reactions 
of perchloric acid to be a summation of 
the behaviors of the ionic and molecular 
constituents of the solution. Two or more 
reactions may take place simultaneously, 
and their effects are therefore super¬ 

posed. 

In general, perchloric acid shows two 
modes of reaction: (1) Displacement of 
hydrogen, without any decomposition of 
the CKV group; (2) oxidation, with the 
reduction of the CIO4- group to Cl" 
mainly. 



132 Illinois Academy of Science Transactions 

SOME COMPARISONS OF FORMAL AND MOLAL 
OXIDATION POTENTIALS* 

G. Frederick Smith 

University of Illinois, Urbcma 

Introduction.—Molal oxidation poten¬ 
tials are idealized reaction constants. 
Molal potentials may be evaluated by the 
use of three independent experimental 
procedures. The electrochemical method 
is most direct and results in the use of 
the least complicated experimental pro¬ 
cedure. A second method involves the 
determination of reaction equilibrium 
constants. The third procedure is based 
upon the calculation of potentials using 
heat of reaction data. Molal potentials 
determined as a result of all three pro¬ 
cedures should give identical results. 

Formal oxidation potentials are prac¬ 
tical rather than idealized constants. 
Formal potentials rarely conform in mag¬ 
nitude to molal potentials. The differ¬ 
ences between conditions under which 
molal potentials and formal potentials 
are determined involve conformity to and 
deviation from the requirements classed 
as “standard state.” Molal potentials re¬ 
quire hydrogen ion concentrations to be 
calculated to include activity relation¬ 
ships; formal potentials ignore such cor¬ 
rections. Molal potentials include hy¬ 
drolysis effects, formal potentials do not. 
Formal solutions from other circum¬ 
stances do not conform strictly to the 
prerequisites of conditions of “standard 
state.” The chief discrepancy probably 
consists in the formation of complex ions 
the dissociation constant of which is un¬ 
known. 

It is the purpose of the present dis¬ 
cussion to point out some of the wide 
discrepancies which result from the as¬ 
sumption that reaction constants for ox¬ 
idation-reduction reactions can be even 
approximated from the use of molal po¬ 
tential values. The distinction between 
molal and formal oxidation potential data 
has been discussed with this point in view 
by Swift.1 

“These molal potentials are often of little 
practical value, and may be misleading, 

when one attempts to predict from th< 
behavior of oxidizing and reducing agent* 
in the relatively concentrated salt anc 
acid solutions encountered in analytical 
chemistry . . . These formal potential* 
could be calculated from the molal poten 
tials (or the reverse) if there were avail¬ 
able adequate data for the hydrolysis 
constants, for the dissociation constant* 
of any complex ions which may b( 
formed, and, finally, for the activity co¬ 
efficient of the reactants in these rela¬ 
tively concentrated solutions. Since such 
data are usually inadequate, it is advan¬ 
tageous to have the experimentally meas¬ 
ured formal potentials.” The situatior 
as it exists was one which may have 
prompted a Dutch chemist’s warning 
that, ‘theory guides, experiment decides.’ 

Section of reactants.—Many oxidizing 
agents and reducing agents could be 
selected to illustrate the point of distinc¬ 
tion between molal and formal potentials. 
Two commonly employed reagents will1 
be selected for illustration; namely, fer¬ 
rous and dichromate ions. 

Experimental apparatus.—A potentiomet- 
ric titration assembly of the usual type 
consisting of a working cell (2 dry cells), 
a decade resistance box, a student poten¬ 
tiometer and tapping key, a moderately 
sensitive galvanometer and a standard 
Weston cell. The electrode pair used was) 
a platinum wire and a saturated calomel 
half cell. By the use of a double throw’ 
switch the calibration of the galvanome¬ 
ter circuit can be made with reference 
to the standard Weston cell or the po¬ 
tential of the unknown reaction cell can 
be measured. The titration apparatus 
was provided with a mechanical stirrer 
and calibrated buret. Samples for deter¬ 
mination were transferred to the reaction 
cell by the use of standard pipets. The 
accuracy claimed for the potentials deter¬ 
mined is such that the value is approxi¬ 
mate in the third place of decimals. 

*Contribution from the Wm. Albert Noyes Laboratory, University of Illinois, Urbana. 
'Swift “A System of (Chemical) Analysis” Prentice-Hall, 1939 (pages 49-50 and 540). 
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Descriptive procedure.—A description in 
detail will be given of a familiar reac¬ 
tion: Cr2Or + 6Fe++ + 14H+ -> 2Cr+++ 
+ 6Fe+++ + 7H20. The half cell reactions1 
involved are as follows:* 

tential to the extent of 20 per cent and 
for reaction (2) over 10 per cent. It is 
of interest to calculate the most impor¬ 
tant reaction constants for the reaction 
between ferrous and dichromate ions 

(1) Cr2Or + 14H+ + 6e" == 2 Cr+++ + 7H20 E° = 1.36 Volts 
(2) Fe+++ + e“ == Fe++ E° = 0.771 Volts 

Reactants.—FeCl3-6H20 (app. 0.2 mol.) 
dissolved in 162.2 ml. of reagent hydro¬ 
chloric acid (sp. gr. 1.19) and diluted to 
2000 ml. making a solution 0.1 formal 
in ferric ion and formal in hydrochloric 
acid. 

An approxately 0.01666 formal solu¬ 
tion of K2Cr207 in formal hydrochloric 
acid (0.1 N Cr207= in F HC1). 

Formal hydrochloric acid for dilution 
purposes made by dilution of 81.1 ml. of 
reagent hydrochloric acid (sp. gr. 1.19) 
to 1000 ml. 

A 25.00 ml. portion of the ferric 
chloride solution after passing through 
a Walden silver reductor was transferred 
to a 400 ml. beaker and diluted to 250 ml. 
by addition of formal hydrochloric acid. 
This solution was then titrated using 
the 0.1 N K2Cr207 solution and the result¬ 
ing potentials were plotted (fig. 1 and 
table 1). 

Table 1.—The Potentiometric Titra¬ 

tion of Ferrous Ions by Dichromate 

Ions in Formal Hydrochloric Acid 

Solution 

Cnfor 
ml. 

E.M.F.a 
Volts 

Cr207- 
ml. 

E.M.F. 
Volts Cr2OT 

E.M.F. 
Volts 

0.00 0.5380 16.00 0.6981 25.85 0.8661 
0.50 0.5907 18.00 0.7073 25.90 1.0064 
1.00 0.6083 20.00 0.7181 26.00 1.0250 
2.00 0.6255 22.00 0.7306 26.10 1.0403 
5.00 0.6510 23.00 0.7386 26.30 1.0491 

10.00 0.6748 24.00 0 7510 27.00 1.0586 
12.00 0.6838 25.00 0.7713 30 00 1.0700 
12.50 0.6858 25.50 0.7908 40.00 1.0778 
13.00 0.6876 25.60 0.8008 50.00 1.0843 
14.00 0.6906 25.70 0.8213 51.80 1.0925 

aE.M.F. values are corrected to refer to hydrogen 
electrode as standard. 

From the results of Table 1 the formal 
half cell reactions involved are the fol¬ 
lowing : 

(1) Cr2Or + 14H+ + 6e" == 2Cr+++ 

(2) Fe+++ + e" == Fe++ 

based upon molal potential data as com¬ 
pared to formal potentials. The constants 
calculated and the general formulation 
for each constant is as follows: 

/equiv. \ bE°i + aE°2 
Ee point = - 7T- 

Vpotential/ a + b 

, Tr (E°i — E°2)n 
—log K(equil.) — nrQ 

[Red,] / [Ox,] = K 

Then 

Molal Formal 
Ee 1.276 Volts 1.033 Volts 
K. equil. 1.26 X 10"60 1.66 X 10"41 
[Red2] / [Ox2] 3.06 X 10"9 1.65 X 1()-6 

Table 2.—The Formal Potentials of 

the Ferric-Ferrous and Dichromic- 

Chromic Systems in Sulfuric Acid and 

Hydrochloric Acid of Various Concen¬ 

trations 

Acid 
Used 

Cr20T + 14H+ + 6e-= 
2Cr+++ + 7H20 

E°' Values in Volts E° 

Fe+++ + e" = Fe++ 
E°' Values in Volts E° 

1FHC1 1.09(3) 1.36 0.68(8) 0.771 
2FHC1 1.10(7) 0.67(7) 
3 FHC1 1.19(0) 0.67(1) 
4FHC1 1.15(0) 0.65(8) 
2 F H2SO4 1.10(9) 0.68(8) 
4 F H2SO4 1.14(7) 0.68(7) 
6 F H2SO4 1.30(0) 0.68(1) 
8 F H2SO4 1.34(6) 0.65(8) 

Formal potentials of the ferric-ferrous and 
dichromic-chromate systems at various con¬ 
centrations.—The determination of the 
ferric-ferrous formal potentials at 2, 3, 
and 4 formal strength of hydrochloric 
acid were similarly determined (as de- 

+ 7H20 E°' = 1.09 Volts 

E0/ = 0.69 Volts 

The formal potential for reaction (1) is scribed in Table 1 and shown graphi- 
seen to be at variance with the molal po- cally in Figure 1). The same procedure 

*The molal potentials (E°) are taken from Latimer “Oxidation Potentials,” Prentise-Hall, 1938 
Formal potentials will be indicated by the symbol E0/. 
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Ml. Titrating Solution 

Fig. 1.—The titration of FeCl2 in 1 FHC1 solution bv Cx^Oi = in 
IF HC1. (25.00 ml 0.1 N Fe^ by 0.1 N Cr2C>7“) 

Fig. 2.—The titration of 10.0 ml of Fe^ solution plus 15.0 ml of 
ferrous methyl orthophenanthroline using Cr207“. Solutions approxi¬ 
mately 0.1 N and 4 F H2SO4 used throughout. Fe+++ + e“ = Fe++ 
potential 0.68 volts, methyl ferriin +e“ = methyl ferroin 9.06 volts. 

gave also the formal potentials for the 
dichromic-chromic system at the same 
concentration of acid. In all cases the 
potentiometric titrational curves were 
just as smooth and precise and the 
formal potential values determined could 
be evaluated with an equal degree of pre¬ 
cision. Duplicate titrational curves were 

obtainable at will and the formal poten¬ 
tials thus determined agreed to within 
± 0.01 volt. The same type experiments 
were carried out with the same systems 
in sulfuric acid solution except that the 
ferrous sulfate solutions in the various 
formal strengths of sulfuric were pre¬ 
pared from ferrous sulfate hexahydrate 
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and therefore required no reduction be¬ 
fore titration. The results appear in 
Table 2. 

Choice of oxidation-reduction indicators 

for use in the determination of iron by di¬ 

chromate.—The oxidation-reduction indi¬ 
cator selected for the titration of iron by 
dichromate has generally been diphenyl- 
amine or diphenylamine sulfonic acid. 
These indicators are of quite low values 
in potentials which bring about their 
color change. (0.76 volts and 0.84 volts 
respectively). For this reason phosphoric 
acid is always added to lower the oxida¬ 
tion potential of the ferric-ferrous sys¬ 
tem below the value ordinarily attained 
in either sulfuric or hydrochloric acid 
solutions. The use of these indicators is 
obviously not fully satisfactory. It would 
be reasoned that because of the presence 
of the green chromic ion in these titra¬ 
tions, a more vividly colored and more 
reversible indicator of the ortho-phenan- 
throline type would be used. 

The fact that ferroin indicator is not 
employed in the determination of iron 
by dichromate is rather unexplained on 
the basis of the molal oxidation potential 
values given for the half cell reaction of 
the Cr2Or -> 2Cr+++ (1.36 volts) and the 
ferriin-ferroin system (1.14 volts). The 
difference between the molal and formal 
potentials given in Table 2 indicates the 
failure of conditions to be suitable except 
in 6 to 8 formal sulfuric acid solution 
and unsatisfactory conditions at any 
strength of hydrochloric acid. 

Influence of acid concentration on the 

oxidation potential of indicators of the phe- 

nanthroline series.—The indicator ferroin 
(1-10-orthophenanthroline ferrous sul¬ 
fate) and substituted phenanthroline in¬ 
dicators such as 5-methyl-l-10-orthophe- 
nanthroline ferrous sulfate (methyl fer¬ 
roin) are subject to very material 
changes in oxidation potential with 
changes in hydrogen ion concentration in 
solutions in which they are employed. 
These values have been determined in 
previous work (a report of which is now 
in press) and are reprinted as given in 
Table 3. 

From the data in Table 3 it is observed 
that just as with the oxidation of iron 
by dichromate, wide changes in oxidation 
potential occur in the indicator system. 
This requires that both the variations 
should be taken into consideration when 

Table 3.—The Formal Oxidation Po¬ 

tentials of Ferroin and Methyl 

Ferroin Indicators 

Reactions: Ferriin + e" —> Ferroin E° = 1.16 Volts 
Methyl Ferriin + e —> 

Methyl Ferroin E° = 1.10 Volts 

Ferriin Ferroin Methyl Ferriin-Ferroin 
Acid Cone. E°' in Volts E°' in Volts 

1 Formal 1.06 1.02 
2 Formal 1.03 1.00 
3 Formal 1.00 0 96 
4 Formal 0.96 0.93 
6 Formal 0.89 0.86 
8 Formal 0.76 0 70 

reaction conditions are to be selected. 
With this point in view the methyl fer¬ 
roin indicator would be selected for di¬ 
chromate titrations of iron because its 
oxidation potential is lower than that of 
ferroin. If would be predicted that satis¬ 
factory conditions prevail at 4 formal 
strength of sulfuric acid. A test case 
potentiometric titration of a mixture of 
ferrous and methyl ferroin ferrous ions 
in 4 formal sulfuric acid was titrated 
using the dichromate ion in 4 formal sul¬ 
furic acid solution as oxidant. The values 
obtained are shown graphically in figure 
2. It will be observed that a satisfactory 
differential titrational procedure results. 
The use of 2 formal sulfuric acid results 
in a differential titration the second stage 
of which reaction is not satisfactory and 
does not give a vertical break in potential 
but rather a gradual one. The use of 6 
formal sulfuric acid results in a very 
satisfactory oxidation of the indicator 
but a somewhat gradual break in poten¬ 
tial for the oxidation of the ferrous ion. 
At 8 formal sulfuric acid concentration 
there is no sign of a differential oxida¬ 
tion of ferrous and methyl ferroin fer¬ 

rous ions. 

Conclusions.—Formal versus molal oxi¬ 
dation potentials differ over such a wide 
range under normal variations in titra¬ 
tional environments that special cogni¬ 
zance of this situation is of prime im¬ 
portance. The cases cited in this discus¬ 
sion are typical, not isolated examples. 
The system of recording formal poten¬ 
tials and molal potentials in the same 
table of reaction constants as instigated 
by Swift (loc. cit.) should be extended 
and emphasis should be placed on the 
use of these formal potentials in prefer¬ 
ence to molal potentials as a guide to 
predicting suitable reaction conditions. 





Papers in Geography 

From the Report of the Section Chairman 

None of the four papers on the program for the Geography section 
were presented for publication. They were: 

Adams, Harry L., Bloomington, Ill., The Place of Geography in the 
Field of Aeronautics. (With slides.) 

Barton, Thomas F., Carbondale, Ill., A Phase of Geography in 
the Sudbury Area. 

Blanchard, 0. W., Urbana, Ill., The Baltic Sea. 

Holmes, Leslie A., Illinois State Normal University, Normal, Ill., 
Pre-War Truck Movement of Coal from Illinois Mines. 

Mr. Harry L. Adams, Bloomington High School, Bloomington, 
Illinois, was elected chairman of the section for 1943-44. 

(Signed) Leslie A. Holmes, Chairman 
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Papers in Geology 

From the Report of the Section Chairman 

Thirteen of the fourteen papers on the Geology section program 
were presented at the meeting and the other one was read by title only. 
Six of the papers are herein published. Those not presented and those 
being published elsewhere are as follows: 

Reynolds, Robert R., Illinois Geological Survey, Urbana., Com¬ 
parative study of the quartz pebbles in the Lafayette gravel and 
Caseyville conglomerate of southern Illinois. 

Schopf, J. M., Illinois Geological Survey, Urbana, Shallow coal 
resources of Wabash County. 

Included in Illinois Geological Survey Report of Investigations 
No. 93. 

Cady, G. H., The program of oil-well logging of the Illinois Geo¬ 
logical Survey. 

Pullen, M. W., and Sims, Paul K., Use of electric logs. in the 
interpretation of the Pennsylvanian succession in Illinois. 

Taylor, E. F., Structure of the Millersville limestone in Shelby 
and Cumberland counties, Illinois. 

Illinois Geological Survey Circular No. 95: 

Horberg, Leland, and Emery, K. 0., Buried bedrock valleys 
east of Joliet and their relation to water supply. 

Attendance at the meeting averaged 31. 

Alfred H. Bell, Illinois Geological Survey Urbana, was elected 
chairman of the section for the year 1943-44. 

(Signed) William E. Powers, Chairman 

[139] 
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KEY BEDS OF THE PENNSYLVANIAN SECTION OF 
EASTERN VERMILION COUNTY, ILLINOIS, AND 

VERMILLION, WARREN, AND FOUNTAIN 
COUNTIES, INDIANA 

J. W. Alexander 

University of Illinois, Urbana 

INTRODUCTION 

The area in which the investigations 
eading to this discussion were carried 
iut includes eastern Vermilion County, 
llinois, northern Vermillion County, 
ndiana, and most of Warren and Foun- 
ain counties, Indiana. The strata that 
rop out in Illinois are included in the 
laseyville, Tradewater, and Carbondale 
roups of Pennsylvanian age, except that 
he Sparland cyclothem is at the base 
f the McLeansboro group. In Indiana 
hey are referred to the Mansfield, Bra- 

Correlation between outcrops has been 
ifficult at some places because of rapid 
iteral variations in thickness and lithol- 
gy of many of the coals, shales, and 
andstones. The limestones have proved 
d be the most important key beds even 
hough some of them are absent or very 
hin at some places. 

No attempt has been made to map this 
rea owing to the lack of topographic 
ase maps over most of the area and the 
mattered outcrops of bedrock. 

Zones that are of value for correlation 
urposes in this area are numbered on 
le columnar section and are discussed 
y number beginning with the highest 
sratigraphic stratum. 

Description of Key Beds 

1. The shale above the Danville (No. 
) coal is a thick- to thin-bedded gray 
lale which at places contains small iron- 
;one concretions. It is 40 to 50 feet 
lick and persistent enough to be used 
>r correlation purposes. It crops out 
i Vermilion River west of Danville, 
linois, and on Little Vermilion River 
est of Georgetown, Illinois. 

2. The shale that lies above coal 5a 
soft and brownish. It contains many 

rge ironstone concretions and beds of 
onstone in the lower part, some of 

which contain Leaia tricarinata. This 
shale crops out only on Little Vermilion 
River southeast of Georgetown and is 
nearly 70 feet thick. 

3. The St. David limestone overlies 
the Grape Creek coal. It is a fine-grained 
gray limestone that at places becomes 
mostly shale. It is characterized by Me- 
solobus mesolobus var. euampygus and in 
the “Double Horseshoe” region contains 
many Marginifera muricatina along bed¬ 
ding-planes. The thickness ranges up to 
4 feet. 

The limestone is well exposed in nu¬ 
merous outcrops in the south part of 
Danville, Illinois, and down Vermilion 
River to sec. 21, a little north of Grape 
Creek, Illinois. It is not present again 
until Little Vermilion River is reached 
in sec. 11, T. 17 N., R. 11 W. It is well 
exposed at several places in the “Double 
Horseshoe” region. The discontinuity of 
the limestone in the Grape Creek area 
is due to post-St. David erosion during 
which a channel sand was deposited that 
cut out everything above the Grape Creek 
coal. This sand could be the basal mem¬ 
ber of the Brereton cyclothem, but prob¬ 
ably is of Sparland age. 

4. Zone 4 contains the marine mem¬ 
bers of the Double Horseshoe cyclothem. 
It is composed of two limestones in this 
area, both of which are thin and discon¬ 
tinuous. The upper bed is a limestone 
conglomerate which has a light gray 
limestone matrix and contains black peb¬ 
bles of varying sizes and roundness. 
The maximum thickness is 6 inches, and 
at many places limestone nodules mark 
its position. This bed resembles the Covel 
conglomerate and has been correlated 
with it. 

A few inches below is a light gray 
lithographic slightly septarian limestone. 
Its maximum thickness is 14 inches along 
Vermilion River in the SW. *4 sec. 12, 
T. 19 N., R. 11 W, This limestone is 
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Fig. 1 
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also well developed in the “Double Horse- 
j shoe” region in the SE. \/^ sec. 19, T. 
17 N., R. 10 W. where the Double Horse¬ 
shoe coal has been stripped and in the 
3E. 14 NW. % sec. 32, T. 17 N., R. 10 
W. At other places in Danville, as along 
Little Vermilion River in sec. 11, T. 17 
N., R. 11 W. where the No. 5a coal is 
3eing stripped, this member becomes nod- 

I fiar. 
At two localities nodules of this lime¬ 

stone containing numerous crinoid stems 
lave been seen. These outcrops are near 
Glrape Creek in the NW14 sec. 27, T. 19 
N., R. 11 W. and in the SW. 14 sec. 14, 
r. 18 N., R 11 W. 

5. Zone 5 is a 4-foot limestone which 
jccupies the position of the Hanover 
imestone of western Illinois. It is well 

developed only in the SE. 14 NW. 14 sec. 
12, T. 17 N., R. 10 W. and in the im- 
nediate neighborhood. It is medium- 
jrained, gray, and slightly fossiliferous. 

6. Zone 6 is the black shale and black 
imestone that marks the position of Illi¬ 
nois No. 4 and Indiana IVa coal. The 
imestone averages 1 foot in thickness. 

ft is a hard carbonaceous limestone that 
Contains plant fossils at Whites’ Mill, 
[t commonly lies above about 3 feet of 
lard sheety black shale, but along Ver- 
nilion River a little south of Grape 
3reek, Illinois, it lies in the middle of 
ibout 6 feet of black shale. 

This bed is one of the most widespread 
md easily recognized of all the key beds, 
[t crops out at White’s Mill in the NW. 
14 sec. 31, T. 17 N., R. 10 W. on Little 
Vermilion River and on Vermilion River 
:rom a point about two miles west of 
Eugene, Indiana, upstream nearly to 
Glrape Creek, Illinois. According to the 
'ecord of a diamond-drill core put down 
)y the Western Brick Company it occurs 
it a depth of 140 feet in sec. 12, T. 19 
NT., R. 11 W. 

7. In a rudmentary cyclothem below 
he Summum and above the Liverpool 
syclothems occurs a 4-foot fresh-water 
imestone. It is light gray and fine- to 
nedium-grained. It occurs in two bench¬ 
es both of which contain numerous fresh- 
vater ostrocods. The upper bench is 
ighter in color, finer grained, and more 
iossiliferous than the lower. 

This limestone is well exposed about 
;wo miles west of Eugene, Indiana, in 
he SW. 14 sec. 5, T. 17 N., R. 10 W.; 
he lower bench crops out across Ver¬ 

milion River in the SE. 14 NE. 14 sec. 
32, T. 18 N., R. 10 W. 

8. Zone 8 is the Oak Grove shale mem¬ 
ber of the Liverpool cyclothem. It is 
well exposed in the SW. 14 NW. 14 sec. 
28, T. 18 N., R. 10 W. and on the road 
leading west from Eugene, Indiana. 

It consists of 5 feet of dark shale with 
several concretionary bands of fossilifer¬ 
ous limestone. At the base of the shale 
is a 6-inch dark blue fossiliferous lime¬ 
stone that shows cone-in-cone structure. 
This limestone is represented by large 
concretions to the south in Indiana. 

9. Zone 9 is the limestone member of 
the Upper Wiley cyclothem. It is well 
exposed in a ravine southeast of New¬ 
port, Indiana, the SE. 14 NW. 14 sec. 36, 
T. 17 N., R. 9 W., and about 100 feet 
downstream from the bridge at Eugene, 
Indiana. It is a black limestone with 
many white specks due to minute gastro¬ 
pods. It averages about 4 inches in thick¬ 
ness. 

10. The name Silverwood is here ap¬ 
plied to the cyclothem in which Indiana 
coal II is developed. This name is used 
because of the fine development of the 
marine member of the cyclothem around 
the town of Silverwood in southeastern 
Fountain County. 

This member is a dark shale, 6 feet 
thick where it attains its maximum thick¬ 
ness. Near the base occur two thin 
limestones. The upper is 2 inches thick, 
dark blue, fossiliferous, and has cone-in¬ 
cone structure very well developed. Eight 
inches below is a 4-inch dark gray lime¬ 
stone. This cyclothem is well exposed on 
Coal Creek just north of route 234 in the 
NE. 14 SW. 14 sec. 36, T. 18 N., R. 8 W. 

11. The Minshall limestone is the most 
persistent bed of the Pennsylvanian 
strata of Fountain and Warren counties. 
It rests at places directly upon the Min¬ 
shall coal but at others has dark shale 
above and below. On Redwood and Rock 
creeks in southern Warren County it is 
very close to the Mansfield sandstone. 
In this area there is a thin limestone a 
few feet below the Minshall limestone. 

The Minshall limestone averages about 
4 feet in thickness. Its maximum thick¬ 
ness is found on Wabash Mill Creek in 
sec. 28, T. 18 N., R. 8 W., where it is 10 
to 12 feet thick. It is hard, blue, fossil¬ 
iferous, and sometimes cherty. It shows 
a well developed set of joints in this area 
and to the south in Parke County. Along 
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Redwood Creek in Warren County these 
joints strike at 18 degrees and 115 de¬ 
grees from magnetic north. The lime¬ 
stone at this locality carries a silicified 
fauna that is abundant in gastropods, 
bryozoa, and many other types of fossils. 

12. Zone 12 includes the Upper and 
Lower Block coals of Indiana which are 
tentatively correlated with the coals of 
the Pope Creek and Tarter cyclothems 
respectively. These two coals are exten¬ 
sively mined to the south around Brazil, 
Indiana, in northern Clay County. In the 
area under discussion their development 
is spotty. One or possibly both reach a 
thickness of 3 feet near Stringtown, Indi¬ 
ana, in sec. 1, T. 18 N., R. 9 W. North 
and east of Stringtown the Minshall lime¬ 
stone overlaps the Block coals. It is pos¬ 
sible that thin coals locally developed 
near the top of what is called Mansfield 
sandstone are of the same age as the 
Block coals. 

13. The basal part of the Pennsyl¬ 
vanian strata in this area is marked by 
a standstone and shale succession which 
averages about 150 feet in thickness. 
The sandstone varies from fine-grained 
in the upper part to medium-grained 
near the base. A thin limestone is present 
in Warren County, near the mouth of 
Fall Creek where it flows into Big Pine ! 
Creek in the NW. xk SE. % sec. 22, T. 
22 N., R. 8 W. At least three coals are 
found in the sandstone and may be equiv¬ 
alent to those found at other localities 
in the Mansfield sandstone. A coal, re¬ 
ported to be 16 inches thick, has been 
mined on Spring Creek in northern Ver¬ 
million County in the SE. SW. XA sec. I 
10, T. 19 N., R. 9 W. Twenty feet above j 
this coal is a 7-inch bony coal. These 
coals may be, as stated, the Block coals 
found farther south. A lens of coal 6 
inches thick was seen on Shawnee Creek 
in northern Fountain County. 

--1 

POST-WISCONSIN CHRONOLOGY 
Don Carroll 

District Editpr, The Oil Weekly, Houston, Texas 

Accurate computation of the length of 
time that has elapsed since the final dis¬ 
appearance of the Wisconsin ice-sheet 
from the Great Lakes region presents a 
problem that has aroused the active in¬ 
terest of a number of scientists through 
the years. Recent time may eventually 
prove to have been but another intergla¬ 
cial stage. Certainly, its span to date is 
considerably shorter than that of any of 
the other post-glacial stages that preced¬ 
ed it, and the existence of large continen¬ 
tal ice-caps at the present time furnish 
reason not only for assuming that the 
glacial period has not yet been conclud¬ 
ed, but that the general date of the dis¬ 
appearance of ice from the northern 
states was more recent than may previ¬ 
ously have been believed. 

It is the purpose of this paper to point 
out what the author believes to be incon¬ 
clusive or inconsistent generalizations in 
several of the hypotheses that have re¬ 
ceived prominent attention in past years, 
with reference to the computation of local 

post-glacial chronology, and to suggest 
for consideration a new method of com¬ 
putation that seems to offer more positive 
data and an exact dating procedure. 

Obviously, the length of time since the 
disappearance of the last ice-sheet is a 
matter of local variation; and therefore 
the recent stage for Champaign County, 
Illinois, for instance, is of somewhat dif¬ 
ferent length than that for the Michigan 
Peninsula area. Nevertheless, a reason¬ 
ably exact minimum figure, based on 
positive evidence rather than on assump¬ 
tion, should be worked out and an¬ 
nounced. 

Figures regarding the rate of recession 
of Niagara Falls, no matter how care- 1 
fully computed, involve too much in the 
way of personal opinion and interpola¬ 
tion by assumption to fix even a general 
date for the retreat of the ice from the 
Lake Ontario basin. Separate investi¬ 
gators have reached separate conclusions, 
involving a time-spread of from 5,000 to 
50,000 years. Considering the undeter- 
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minable factors involved in the problem 
this wide margin is not only understand¬ 
able, but represents the limit of accuracy 
that is probably attainable. The carving 
of the gorge has obliterated a preglacial 
valley that is now occupied by the Niag¬ 
ara River, from the falls to beyond the 
whirlpool—half the distance to Lake 
Ontario. Some of the erosion must be 
credited, therefore, to preglacial stream 
action. Consider, too, that the limestone 
cap thins out rapidly to the north, until, 
at the edge of the escarpment at Lewis¬ 
ton, the exposed section consists almost 
entirely of shale. 

This geologic evidence seems to indi¬ 
cate that the so-called falls must have 
been originally no more than a series of 
rapids, cutting quickly through a shale 
section. Thus, to determine the rate of 
recession for the past 100 years, based 
on actual human observation, and then to 
interpolate that rate on a linear scale 
corresponding to the total distance from 
the present falls to the bluff at Lewiston, 
is to neglect consideration of important 
factors that were certainly involved to 
a great extent. 

In passing, it should also be pointed 
out that the falls are known to have 
varied greatly in width from time to 
time, and that such variations necessarily 
affect the rate of recession. The compar¬ 
ative accomplishments of falls recession 
and side erosion within the gorge, by a 
swiftly flowing stream, cannot be estab¬ 
lished, in my opinion. Therefore, any 
figure on the rate of recession, project¬ 
ed back through thousands of years, can 
be of little value. 

Let us now consider critically the study 
and interpretation of varves as dating 
media. The work of De Geer, Mrs. De 
Geer, Liden, Antevs, Sauramo and others 
have added greatly to our knowledge of 
sedimentary processes and have supplied 
valuable data for interpreting the records 
of the highly complicated history of 
Pleistocene continental glaciation. 

Their work, though, has been largely 
inspired by the assumption implied in the 
definition of varves: namely, that they 
are “annual layers of silt, as deposited 
in lakes or other bodies of still water.” 
How it can be proved that these layers 
invariably represent annual accumula¬ 
tions that can be counted and correlated 
to establish exact chronologies, has not 
been satisfactorily demonstrated. They 

are admittedly regarded as “annual by 
agreement,” in the face of ample evi¬ 
dence to the contrary, even in the case 
of ideal occurrences. In many cases it 
has been shown that so-called “varves” 
are but the sedimentary products of indi¬ 
vidual storms and intervening spells of 
fair weather. 

In this connection, some valuable in¬ 
formation might be obtained on the 
chronological significance of still-water 
silt layers by taking a core of the silts 
at the bottom of Lake Decatur, or some 
other artificial lake of moderate size and 
known age, receiving sediments from a 
typical glaciated watershed. 

Soil-profile studies, as developed and 
applied by Leighton, MacClintock, and 
others, have been used as a yardstick 
for measuring postglacial intervals, but 
their value for the reckoning of time is 
only general and comparative, and dating 
conclusions based on them cannot be ex¬ 
pressed in terms of less than thousands 
of years. 

What, then, can be considered as au¬ 
thoritative, accurate, and incontrovertible 
evidence of the passage of time, in terms 
of a definite number of years, during the 
recent period before modern man ap¬ 
peared and became curious about this 
subject? It is herein suggested and pro¬ 
posed that the science of dendrochronol¬ 
ogy can supply the most satisfactory 
answer to this question. Such workers 
as Douglas, Stallings, Keen, and others 
have proved to the satisfaction of bota¬ 
nists that the tree-ring calendar has un¬ 
disputed validity, and that cross-dating, 
when done by experts, can and does estab¬ 
lish a positive local chronology to the 
limit of the availability of suitable speci¬ 
men material. 

It is true that tree-ring chronology 
studies so far carried on have had as 
their primary objectives either the exact 
dating of human cultures and occupan¬ 
cies, or the tabulation of climatological 
or botanical data for past years. The 
notable success of these studies, in ex¬ 
tending the calendar backwards more 
than 3,000 years in western and south¬ 
western states, leads the writer to believe 
that similar studies offer the best promise 
for establishing the time span of the 
post-Wisconsin stage. 

Such studies, it is suggested, would 
begin with specimens taken from modern 
trees growing in a locality where a single 
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species, such as the larch or tamarack, 
has very evidently been involved in the 
formation of woody peat beds, such as 
those of southeastern Wisconsin, and 
whose descendants flourish today in the 
same locality. Using the proved methods 
of study and analysis established by 
Douglas the investigation could proceed, 
using cross-dating techniques, with older 
and older specimens, which can reason¬ 
ably be expected to be available in any 
one or many of the woody peat bogs of 
the Great Lakes region. 

Mrs. De Geer attempted, a few years 
ago, to correlate the varve chronology of 
Sweden with the tree-ring chronology 
of the modern California sequoias. The 
results were inconclusive and led to the 
conclusion that the tree-ring calendars 
were unreliable. This conclusion seems 
unwarranted, in view of the fact that 
the annual nature of tree rings has been 
established, and that they do correlate 
with local modern weather records. In 
this connection it is worth noting that 
Douglas, through his tree-ring studies, 
has shown that the reason for, and time 
of, the abandonment of the cliff dwellings 
of the southwest were quite different 
from the previously accepted theories. 
They were abandoned by their occupants 
because of a 21-year drought that began 
in the year 1276—not because of exter¬ 
mination by enimies, and certainly not 
in ancient times. 

It is by no means held that the pro¬ 
posed peat-log tree-ring studies would 
yield a complete postglacial chronology 
for any particular township location, nor 
is it possible to expect to find critical 
specimens that record the exact date of 
the retreat of the ice from a particular 
spot. The latter possibly cannot be ruled 
out, as we find numerous specimens of 
locally-derived wood in the drift itself, 
and there is no reason for doubting that 
trees grew on the surface of the ice 

itself, near the ice margins. They do on 
the Malaspina glacier in Alaska; and 
the Pleistocene ice-sheets, according to 
Thwaites, were drift-mantled near their 
margins. Furthermore, plant life flour¬ 
ished immediately adjacent to the ice 
fronts, as Thwaites and others have 
pointed out. 

As for specimen material in the past, 
however, we can assume that the oldest 
logs present probably do not date back 
to the time of the disappearance of the 
ice. It is held by the writer, though, that 
the time-hiatus was short and that the 
originally barren drift was quickly man¬ 
tled by vegetation, as is the case with 
strip mine debris—a fair comparison. 

The point to be stressed is that the 
proposed study offers promise for estab¬ 
lishing a positive method of fixing the 
minimum length of time, in terms of 
actual years, since the final retreat of the 
Wisconsin ice in a typical and restricted 
locality. It may conceivably solve some 
related problems dealing with the still- 
obscure events that took place in the crit¬ 
ical areas near the ice front. If logically 
planned and studiously executed, and if 
successful, it would yield an exact chron¬ 

ology that would at least check the 
results of studies of varves, the recession 
rate of Niagara Falls, and comparative 
soil profile development. It is further 
believed by the writer that this check 

would supply more exact figures than any 
of the other methods cited, and might 
well supplant them in favor by substitut¬ 
ing fact for supposition. It is even sug¬ 
gested that promising results secured 

from preliminary investigations of post- 
Wisconsin tree-ring evidence would lead 
naturally to the application of this 
dating technique to the larger problem 
of Pleistocene chronology in its entirety. 
At least, this suggestion is hereby placed 

in the record. 
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THE PENNSYLVANIAN STRATIGRAPHY OF THE 
CARLINVILLE, ILLINOIS, QUADRANGLE* 

John R. Ball 

Northwestern University, Evanston 

The northeast corner of the Carlinville 
quadrangle is at the intersection of 89° 
45' west longitude and 39° 30' north lati¬ 
tude. This intersection is about one-half 
mile east of Virden and 20 miles south 
of Springfield. 

Sedimentary rocks of Late Pennsyl¬ 
vanian age crop out in two general re¬ 
gions in the quadrangle. One region is 
in North Palmyra and South Palmyra 
townships and extends along Massa 
Creek and its tributaries nearly the 
length of the two townships. The other 
region of outcrops is in the vicinity of 
Carlinville, near the southern margin of 
the quadrangle, along Macoupin Creek 

and its tributaries. 

Centralia (Flannigan?) 5 feet 
Shoal Creek. “ 
Trivoli (exposed) 34 

Cyclothem exposures vary so greatly 
in thickness from place to place in the 
quadrangle that the above figures are but 
fair approximations of average thickness. 
In a recent recapitulation of cyclothem 
terms,1 the Collinsville cyclothem occurs 
between the Trivoli and Shoal Creek 
cyclothems. At the time of completion 
of field work in this quadrangle, however, 
the Collinsville cyclothem had not been 
recognized in the vicinity. 

CARLINVILLE PENNSYLVANIAN 

STRATIGRAPHY 

THE CYCLOTHEMS OF THE Trivoli cyclothem.—The full thickness 
QUADRANGLE 0f this cyclothem is probably not exposed 

ssz&sssfiS S™? 
rangle the coals do not attain. a conspicu shumard is abundant. Still high- 
ous thickness, whereas the limestone „ sha,e characterized by cl„se-set 
represented in all but one cyclothem. planes ,g & jes of Avicuiopeeten 

When this quadrangle was mapped ^ c JsideraWe numbers, 
geologically m 1930-31 and the manu- 
script report written, the following cy- Shoal Creek cyclothem. This cyclo- 
clothems were recognized. them is characterized by the absence of 

coal and by the presence of the most con- 
Approximate spicuous limestone in the quadrangle, 

Cyclothem thickness which has been called both Shoal Creek 

Divide. 9 feet and Carlinville.2 In the Carlinville and 
Upper LaSalle (now Upper adjacent quadrangles, the name “Carlin- 
Livingston). 16 “ ville” is convenient and logical and in his 

Lower LaSalle (now Lower M studies in the quadrangle the author used 
Livingston) .. ^ 19 « the name “Shoal Creek” for the highest 

Low Macoupin 1 !! !!! 15-23 “ limestone in the quadrangle, mainly be- 

♦Published with the permission of the Chief, State Geological Survey. 
teller, J. Marvin, Rhythms in Upper Pennsylvanian cyclothems: I rans. ill. state Acao. bci., 

^Payne^UN., Structure of Herrin (No. 6) coal bed in Macoupin County, etc., Illinois: Illinois Geol. 

Survey Cin^88^^1942^ question Qf the ghoai Creek and Carlinville limestones: Trans. Ill. State Acad. 

Sci. Vol. 25, pp. 143-45, 1932. ^ 0 , Tn ir i r, q 107 = 
Worthen, A. H., Geology and Paleontology: Geol. Survey of Ill. VoL VI, p. 3- 1|I51Qnfi 
Weller, Stuart. The Geological Map of Illinois: Illinois Geol. Survey Bull. 1 p. 21., 1906. 
Udden, J. A., Notes on the Shoal Creek limestone: Illinois Geol. Sur\ev Bull. 8, pp. 118 119, 12o. 

1907. 
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cause an outcrop on an unnamed tribu¬ 
tary to the West Fork of Shoal Creek 
in the outskirts of Litchfield contained 
numerous imbricated limestone frag¬ 
ments identified as belonging to that 
limestone. 

The characteristic lithologic aspects of 
the lower limestone (the Shoal Creek) 
in this and nearby quadrangles are in¬ 
variable. It ranges from 6 to 8 feet in 
thickness, and a shale parting, commonly 
about 8 inches thick, separates a lower 
foot of limestone from that above. Possi¬ 
bly this feature was not so obvious to 
the early investigators who saw the nat- 
turally weathered outcrops, before quar¬ 
ries fully exposed the somewhat massive 
aspects of the more recently modified 
faces. It varies from dark gray to al¬ 
most black in some exposures, and its 
surface weathering color is a dark yel¬ 
lowish-brown. Its lower member com¬ 
monly is even darker in color, is finely 
crystalline, and is frequently marked by 
widely diverging, more or less individual¬ 
ly branching traces or imprints, possibly 
suggestive of a plant impression or of 
some crawling organism. 

Fossils.—Fusulines have been included 
in the tentative list of fossils which has 
been written down for the quadrangle. 
However, Dunbar and Henbest have not 
noted them in the Shoal Creek,7 so to in¬ 
clude them in the fossil list is possibly 
an error. Very common Pennsylvanian 
fossils have been secured from the lime¬ 
stone, but never in great abundance. 
The list follows: Marginifera splendens, 
Neospirifer earneratus, Composita subtil- 
ita, Polypora sp., Astartella vera, Schizo- 
stoma cateloides, Naticopsis altonensis, 
N. torta, and Phillipsia sp. 

In the exposures in the northwest part 
of the quadrangle, in shales interbedded 
with the thinner limestones, species other 
than those in the above list have been 
found. Additional micro-organisms prob¬ 
ably will be discovered. The following 
have been recognized: Ammodiscus in- 
certus, species of Tetratraxis and Tuber- 
itina, Lingula carbonaria, Trigonoglossa 
nebracensis, Orbiculoidea missourensis; 
Euphemus carbonarius, Trepospira illi- 
noisensis, T. sphaerulata, Nuculopsis ven- 
tricosa, Sphaerodoma primogenia cf. 

Centralia cyclothem.—The Centralia 
(Flannigan ?) cyclothem is not fully de¬ 
veloped in the quadrangle. The coal and 
underclay are not represented. Where 
its limestone is in fullest development 
there are but few other lamina which 
seem properly to belong in this cyclo¬ 
them. A maximum exposure of about 15 
feet, in the east outskirts of Carlinville, 
is mostly sandstone and sandy shale with 
but little limestone. Some of this sand¬ 
stone has the aspects of a channel sand¬ 
stone. 

Its limestone, however, is distinguished 
by the many fossil specimens it carries. 
Udden8 has a long list of species. From 
another outcrop than the one mentioned 
by Udden, Dr. Needham has made an ex¬ 
tensive collection. Because of the brittle 
resistant nature of the reddish crystal¬ 
line rock, perfect specimens are rarely 
obtained. Superficially the Product-id ele¬ 
ment in its fauna makes it distinctive, 
but the rock probably contains many 
more forms of Composita than it does 
Productids. Prominent among the many 
exceedingly variable forms of Composita 
apparently is C. trilobata Dunbar and 
Condra. Probably C. elongata Dunbar 
and Condra also is present, its condition 
of preservation such that it frequently 
gives the impression that it is Dielasma. 

Other fossils are: Chonetes granulifer, 
Linoproductus prattenianus, Juresania 
nebrascensis, Composita subtilita, prob¬ 
ably other varieties of Composita, Avic- 
ulopecten occidentals, and questionable 
species of Myalina ? and Loxonema ?. 
Stratigraphically, this exceedingly fos- 
siliferous limestone is about 17 feet above 
the Shoal Creek limestone. 

Macoupin cyclothem. — Wanless first 
published the name Macoupin3 without 
stating its derivation. From the abun¬ 
dant number of exposures of the lime¬ 
stone with its associated No. 9 coal on 
Macoupin Creek in the Carlinville quad¬ 
rangle, the author in his field studies 
began to dub the limestone the “Macou¬ 
pin.” The cyclical application was first 
formulated by Dr. Wanless. 

Of the several cyclothems in the quad¬ 
rangle, the Macoupin probably is the best 
and most typically developed in a single 
exposure, in a short gully tributary to 

7Dunbar, C. O., and Henbest, L. G., Pennsylvanian Fusulinidae of Illinois: Illinois Geol. Survey 
Bull. 67, pp. 13, 16, 1942. 

8Op. cit.,page 120. The “old Walker farm,” the “Kirchoff farm,” later. 
’Wanless, H. R., Pennsylvanian section in Western Illinois: Bull. Geol. Soc. America Vol. 47, pp. 

811-812, 1931. 
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itacoupin Creek, just north of Highway 
: and east of the crossing made by that 
lighway over Macoupin Creek, in the 
vJW. Vi sec. 2, T. 9 N., R. 7 W., and sec. 
!5, T. 10 N., R. 7 W. 

In addition to its display of the best 
leveloped coal in the quadrangle, the 
ilacoupin cyclothem carries also a well- 
leVeloped underclay. In this exposure 
;he underclay is more than 8 feet thick, 
s structureless and bluish-gray, is cal- 
:areous except in the upper 9 or 10 
nches, contains small calcareous concre- 
;ions, and has minute crystals of pyrite 
uid marcasite. 

Although satisfactorily developed in 
;his part of the quadrangle, farther 
lorth along Macoupin Creek perplexities 
)f stratigraphy occur. The variations al¬ 
ways occur below the recognized Ma¬ 
coupin limestone and include one or more 
chin fossiliferous limestones. One of the 
imestones has been said to be a “fresh¬ 
water” limestone and the other has been 
assumed to be the Centralia, although 
its texture, color, and fossil content are 
different. Possibly rudimentary frag¬ 
ments of other cyclothems than those 
recognized in this paper are present. 

Fossils.—The fauna is marked by the 
presence of corals, crinoids, and gastro¬ 
pods which are practically absent from 
the Centralia limestone. J. Marvin Wel¬ 
ler has recognized a large fauna in the 
field exposures and has given his tenta¬ 
tive identifications to the author. The list 
includes: Lophophyllum profundum, Or- 
biculoidea missouriensis, Rhombpora lep- 
idodendroides, Marginifera splendens, 
Chonetes granulifer, Neospirifer earner - 
atus, Ambocoelia planoconvexa, Leda bel- 
listriata, Myalina swallowi, Phanero- 
trema grayvillensis, Schizostoma catel- 
loides, Pseudorthoceras knoxense, Puncto- 
spirifer kentuckyensis, and various spe¬ 
cies of Myalina, Astartella, and Meta- 

\ coceras. 

Upper Macoupin cyclothem.—This cy¬ 
clothem, a rudimentary cyclothem accord¬ 
ing to Dr. Weller, is a series of inter- 
bedded limestones and shales, possibly 
only the marine segment of the cyclo¬ 
them. In its best exposure it aggregates 
a little less than 8 feet. The two most 
prominent limestones in the cyclothem 

range from bluish-gray to purplish in 
color, both hard and resistant, the lower 
of the two sparingly fossiliferous. The 
higher limestone, here called the Upper 
Macoupin limestone, ranges up to about 
AVz feet in thickness, is marked by a 
Productid fauna, and is fossiliferous. 

Fossils.—Its fossils include: Derby a 
crassa, Pustula pustulosa, Neospirifer 
cameratus, Linoproductus prattenianus, 
Punctospirifer kentuckyensis, Ambocoelia 
planoconvexa, and Composita subtilita. 

Lower Livingston cyclothem. — The 
limestone of the Upper Livingston cyclo¬ 
them has been called the “LaSalle” lime¬ 
stone by the author in a previously pub¬ 
lished abstract.10 In this usage, he was 
following a correlation suggested by Sid¬ 
ney Ekblaw.11 Later usage, however, has 
substituted Livingston, Upper and Low¬ 
er, for “LaSalle.” Independently the au¬ 
thor has been impressed by the general 
correspondence of the LaSalle with the 
Carlinville quadrangle Livingston, litho¬ 
logically and faunistically, so that he 
favored Ekblaw’s suggestion. 

The conditions of sedimentation for the 
Livingston cyclothems make it somewhat 
difficult to discuss the Lower Livingston 
without constant reference to the Upper 
Livingston. The most noteworthy fact 
about the Lower Livingston in this quad¬ 
rangle is that the marine limestone hori¬ 
zon is a locus of 8 thin limestone strata, 
ranging from one-half to 2 inches in 
thickness, and separated by fossiliferous 
shales up to 9 inches in thickness. Below 
these strata is a recognizable coal horizon 
with a little more than 4 feet of clay 
which may constitute the actual base of 
the Lower Livingston cyclothem. The 
limestone strata, as well as the shales, 
are extremely fossiliferous, containing 
many specimens and probably several 
species of Murchisonia, Aviculopecten, 
Bellerophon, and species of possible 
Worthenia. It was from some of these 
strata, also, that Geis obtained fossil 
Pedicellariae.12 

Upper Livingston cyclothem. — The 
chief stratigraphic interest in this cyclo¬ 
them, probably, is that it contains the 
prominent limestone member, the “Shoal 
Creek” and “LaSalle” of authors. It is 
the uppermost of the Pennsylvanian 

10Ball, J. R., Some Pennsylvanian limestones of the Carlinville quadrangle, Illinois: Trans. Til. Acad. 
I Sci., Vol. 26, page 97, 1934. 

uOp. cit., page 145. 
12Geis, H. L., Recent and fossil Pedicellariae: Jour. Paleontologv, Vol. 10, pp. 439-441; 448: pis. 60, 

61, 1936. 
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strata in the same gully tributary to Ma¬ 
coupin Creek which displays also all the 
preceding cyclothems, with the exception 
of the Trivoli. The limestone is the up¬ 
permost in the gully exposures farther 
east and south in the quadrangle as well, 
and it has been traced beyond the con¬ 
fines of the quadrangle by Wanless, Sid¬ 
ney Ekblaw, and many others. 

In several of the drill records of the 
quadrangle, the thickness of the lime¬ 
stone ranges up to 12 feet and is about 
the same in the surface exposures. A 
relatively thick black platy shale under¬ 
lies the limestone in many of its out¬ 
crops. The shale is resistant to weather¬ 
ing and erosion and is responsible for low 
waterfall ledges. It is nearly 3 feet thick 
and is fossiliferous, containing pelecy- 
pods, fish spines, and scales, and cono- 
donts. 

Fossils.—Fossils weather out readily 
from the Upper Livingston limestone, 
and large collections have been taken. 
Lophophyllum profundum, L. profundum 
radicostum, and large species, either 
Lophophyllum or Campophyllum ? are 
abundant. There are numerous plates 
and ossicles of crinoids, and many bra- 
chiopods and gastropods, including Cho- 
netes granulifer and Chonetes sp., Mar- 
ginifera splendens, M. wabashensis, Wel- 
lerella tetrahedra, Dielasma bovidens, 
Neosporifer earner atus, N. triplicatus, 
Punctospirifer kentuckyensis, Ambocoelia 
planoconvexa, Composita subtilita, Platy- 
ceras trigonalis, Trepospira sphaerulata, 

Naticopsis ventricosa, and species com 
pared with Wellerella osagensis, Cyrto- 
lites ? gillanus, Aclisino condito, A. swal 
lowana, and recognized A. stevensana. 

In the thin limestone band horizon oi 
the Lower Livingston cyclothem, Jone- 
sina arcuata, J. gregaria, and a species 
of Primitia have been recognized. Tin 
list for the Upper Livingston cyclotheir 
is not complete, nor has it been complete¬ 
ly checked over, but enough has beer 
cited to show it a very characteristic 
Pennsylvanian fauna of Illinois. 

Divide ? cyclothem.—This probably is 
but a channel sandstone, so designated 
by Wanless,13 as it includes only sand¬ 
stone and shale. It, or a similar sand¬ 
stone, cuts through a considerable strati¬ 
graphic range if it is the same sandstone 
which has been observed in several places 
in this and in quadrangles west and north 
of the Carlinville. It is observed to have 
a major thickness of about 10 feet in the 
quadrangle and, in the field work, was 
called the “McWain” sandstone because 
of its several outcrops on the McWain 
properties along Macoupin Creek. 

SUMMARY 

Eliminating the “Divide” cyclothem, 
then, from the list named in this paper, 
the quadrangle exhibits actually about 
100 feet of McLeansboro strata which 
properly may be included in its cyclo¬ 
thems. 

l3Op. cit., page 812. 
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A MICROFOSSIL PROFILE OF CERTAIN 
PENNSYLVANIAN COALS OF OHIO* 

R. M. Kosanke 

Illinois State Geological Survey, Urbana 

A study of the plant microfossils of 
oal involves not only academic but also 
ipplied or practical investigations. My 
mrpose in studying the coal seams of 
)hio has been: (1) to determine the 
•haracteristic microfossils, (2) to de¬ 
scribe the new species which occur in 
ibundance, and (3) to construct a plant- 
nicrofossil profile or spectrum which 
:ould be used in correlation of various 
:oal seams and also possibly in determin- 
ng the vegetational succession, which in 
;urn may give a clue to the plant con¬ 
stituents of certain coal seams. 

The Pennsylvanian system in Ohio is 
divided into four members, the oldest is 
the Pottsville, the next the Allegheny, 
then the Conemaugh, and the youngest 
is the Monongahela. There are approxi¬ 
mately twelve important coal seams in 
Ohio. Of these coals, I have critically 
studied and recently published1 my re¬ 
sults on the Pittsburgh No. 8 and the 
Pomeroy No. 8 “a” coals. In addition to 
these, I have studied the Sharon No. 1 
coal and have examined samples of the 
Middle Kittanning and Freeport coals. 
Dr. L. R. Wilson of Coe College has been 
working on the Mercer coal. Thus it is 
evident that only a good start has been 
made on this problem. 

In the study of the Pittsburgh and 
Pomeroy coals, a number of microfossils 
were observed. Of these, two species 
seemed to be restricted to the Pitts¬ 
burgh coal. These were Laevigato-spor- 
ites thiessenii which was the most abun¬ 
dant microfossil of the seam, and Punc- 
tati-sporites grandiverrucosus. 

The Pomeroy coal seam commonly con¬ 
tained many of the microfossils that were 
found in the Pittsburgh coal but Endo- 
sporites omatus was more abundant. Al¬ 
so two new microfossils—Triquitrites 
spinosus . and Punctati-sporites parvi- 

*This study was made while the author was 
University of Cincinnati, Cincinnati, Ohio. 

punctatus—seem to distinguish the Pom¬ 

eroy seam. 
A recent study of the Sharon coal seam 

has revealed the occurrence of a number 
of the common microfossils plus the fol¬ 
lowing which appear at present to dis¬ 
tinguish this seam: Triquitrites sp., pos¬ 
sibly Triquitrites arculatus Wilson and 
Coe 1940; Granulati-sporites sp., possibly 
Triquitrites deltoides (Wilson and Coe 
1940) Schopf, Wilson and Bentall; Cir- 
ratriradites sp. Raistrick, working on a 
number of English coal seams, has illus¬ 
trated and described microfossils similar 
in appearance to these. His type D-7 is 
very similar to Triquitrites sp., his type 
D-4 is very similar to Granulati-sporites 
sp., and his type A-3 is somewhat similar 
to Cirratriradites sp. 

Dr. Wilson’s studies on the Mercer 
coal have revealed the occurrence of a 
number of the usual microfossils plus 
several others which may distinguish this 

seam. 
It may well be that for a complete 

correlation of all the coals in Ohio, statis¬ 
tical counts of the various species will 
have to be employed, similar to those 
used by the paleoecologist working with 
pollens of Pleistocene and post-Pleisto- 
cene peat deposits. However, it seems 
clear that plant microfossils will prove 
a valuable aid in correlation work, and 
that the construction of microfossil pro¬ 
files is of considerable importance. 
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BEDROCK SURFACE AND THICKNESS OF GLACIAL 
DRIFT IN WILL COUNTY, ILLINOIS1 

Leland Horberg and A. C. Mason 

Illinois Geological Survey, Urbana 

Introduction.—In connection with studies 
concerned with economic and sanitary 
problems related to groundwater condi¬ 
tions in Will County, maps of the bedrock 
surface2 and the average thickness of 
glacial drift (fig. 1) in the county have 
been compiled. Relatively detailed con¬ 
trol, based on about 3,000 well records, 
is available for all of the county except 
the two eastern tiers of townships. Ac¬ 
knowledgments are due Professor D. J. 
Fisher and Dr. George H. Otto, who in 
previous years collected a large number 
of the well records now available. 

Present surface.—The thickness of gla¬ 
cial drift represents the difference be¬ 
tween elevations of the present ground 
surface and of the bedrock surface, which 
was developed largely by preglacial ero¬ 
sion. The major features of the present 
surface are the Minooka, Rockdale, and 
Valparaiso morainic ridges, with inter¬ 
vening ground-moraines, which cross the 
county in a general northwest-southeast 
direction. Broad valley-trains along the 
Kankakee, DesPlaines, and DuPage riv¬ 
ers transect and break the continuity of 
both end moraines and ground-moraines. 

The present ground surface slopes in 
general away from the Valparaiso and 
other morainic ridges toward the Des¬ 
Plaines and Kankakee rivers, which join 
just beyond the west county-line. The 
highest point in the county is in T. 36 N., 
R 11 E., and has an elevation of about 
797 feet above sea-level; the lowest is 
along the west line of the county near 
the junction of the rivers and has an 
elevation of about 500 feet. This is a 
relief of approximately 297 feet in about 
20 miles, or slightly greater than the 
relief of the bedrock surface. 

Bedrock surface. — Bedrock elevations 
within the county range from 720 feet 
above sea-level on the bedrock upland 
near Monee (sec. 16, T. 34 N., R. 13 E.) 

to 455 feet where the DesPlaines bedrock 
valley leaves the county at the west edge 
of the map (sec. 18, T. 34 N., R. 9 E.). 
This is a total maximum relief of 265 
feet within a distance of 25 miles. Local 
relief along the sides of major bedrock 
valleys is sharp. Slopes of 100 feet in a 
quarter of a mile are present in the 
vicinity of Joliet. 

The bedrock uplands have low to mod¬ 
erate relief, but in general the bedrock 
valleys appear to be relatively narrow 
and steep and would be considered youth¬ 
ful. Some of the larger valleys, how¬ 
ever, are wide enough to have reached 
the stage of early maturity. 

There is a general parallelism of bed¬ 
rock valleys and present valleys with 
respect to their trends and the major 
drainage systems represented. In detail, 
however, the relationship breaks down 
and there are actually but few cases 
where present streams have inherited 
valleys from the bedrock surface. 

Most of the bedrock valleys of the 
county are the eastern headwater por¬ 
tions of River Ticona,3 a large preglacial 
stream which flowed westward through 
Grundy, LaSalle, and Putnam counties 
to the “Big Bend” of Illinois River. Here 
it joined the north-south trending bed¬ 
rock valley of the pre-Wisconsin Missis¬ 
sippi, which is occupied by the present 
Illinois River below that point. The bed¬ 
rock divide between the southwestward 
drainage into River Ticona and the 
northeastward drainage into the basin 
of Lake Michigan crosses the eastern 
part of Will County. This divide was 
cut through near Lemont to form the 
Chicago Outlet and also it was breached 
east of Joliet along a buried bedrock 
valley. 

The preglacial valleys of the county 
probably developed largely by headward 
erosion along the west margin of the 

Published with the permission of the Chief, Illinois Geological Survey. ^ 
2For map of the bedrock surface near Joliet see Illinois Geol. Survey Circular 95, 1943. An additional 

map covering a large part of Will County is to be published later by the Illinois Geol. Survey. 
3Willman, H. B., Preglacial River Ticona, Ill. Acad. Sci. Trans. Vol. 33, pp. 172-175: Illinois Geol. 

Survey Circular 68, pp. 9-12, 1940. 
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AVERAGE THICKNESS OF GLACIAL DRIFT 

IN 

WILL COUNTY 

A. C. MASON 

Fig. 1. 

Niagaran escarpment which crosses the 
southwest part of the county. West of 
the escarpment, bedrock elevations are 
uniformly lower and reflect a broad low¬ 
land eroded on the Maquoketa shale and 
argillaceous sandstones and shales of the 

Pennsylvanian system. 

Thickness of glacial drift.—Inasmuch as 
the thickness of the glacial drift (fig. 1) 
is determined by the difference between 
elevations of the ground surface and the 
bedrock surface, the drift is thickest 
along the undissected portions of the 
moraines and along buried bedrock val¬ 
leys. The moraines are of major impor¬ 
tance in outlining the three belts of thick 
drift separated by belts of thin drift, 
and it is only in the southeast part of 
T. 36 N., R. 11 E. that bedrock-valley 

fill is clearly reflected in the thickness 

map (fig. 1). 
The Valparaiso moraine can be traced 

from the northeast corner of the county 
(T. 37 N., R. 10 E.) southeastward to¬ 
ward Frankfort and Monee as a belt of 
thick drift along which the thicknesses 
range from 50 to over 150 feet. To the 
west, the Rockdale moraine and associat¬ 
ed Manhattan ridge is reflected by a 
central belt of thick drift extending 
north-south through R. 10 E. Discon¬ 
tinuous areas along this belt have drift 
thicknesses of 30 to 50 feet, with occa¬ 
sional small areas of over 50 feet. The 
Minooka moraine forms the belt of thick 
drift along the west margin of the county 
north of Channahon and has drift thick¬ 
nesses generally between 50 and 100 feet. 
In the intermorainic areas the drift is 
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generally less than 30 feet thick. Bed¬ 
rock crops out almost continuously along 
DesPlaines and Kankakee rivers, occa¬ 
sionally along DuPage River and other 
streams, and elsewhere in isolated locali¬ 
ties. 

The greatest thickness of drift in the 
county occurs in the east half of T. 36 
N., R. 11 E. on the Valparaiso moraine 

and in the valley of Spring Creek nearby 
where drift has filled a relatively deep 
bedrock valley. In approximately 60 per 
cent of the 844 square miles of area of 
Will County the drift is more than 30 
feet thick, in approximately 35 per cent 
the drift is more than 50 feet thick, and 
in only 5 per cent of the county is the 
thickness more than 100 feet. 

i 
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INSOLUBLE RESIDUES OF THE LEVIAS AND 
RENAULT FORMATIONS IN HARDIN 

COUNTY, ILLINOIS* 
F. E. Tippie 

Illinois State Geological Survey, Urbana 

During recent work of the Illinois 
State Geological Survey in Hardin Coun¬ 
ty Illinois, it was found desirable to de¬ 
termine zones in the Renault formation 
and to make more definite separation of 
the Levias member of the Ste. Geneiveve 
formation from the overlying Renault 
formation than has heretofore been pos¬ 
sible. Inasmuch as both the Renault and 
Levias formations are dominantly lime¬ 
stone, the method of study by means of 
insoluble residues is well suited to the 
problem. This study is by no means com¬ 
plete, but the data presented in this 
paper have proved valuable in the work 
of identifying the stratigraphic positions 
of limited outcrop sections and diamond- 
drill cores of these two formations. This 
in turn assists in the determination of 
the throw of some normal faults cutting 
these formations. The general practice m 
angle-drilling for vein deposits of fluor¬ 
spar is to drill but a few feet beyond 
the fault. Rarely is this far enough to 
penetrate a contact of two formations. 
Thus by zoning formations one can easily 
determine the exact throw of the fault. 

Samples were obtained both from out¬ 
crops and from diamond-drill cores. Two 
of the sample sets examined were collect¬ 
ed from the Cave in Rock fluorspar min¬ 
ing area and the remainder from the 
Rosiclare area. Samples were taken at 
every change in lithology unless the 
lithology was consistent for more than 5 
feet. In such cases one sample was taken 
for every 5 feet. The average sample 

interval is about 2 feet. 

The procedure used was essentially 
that outlined by L. E. Workman of the 
Illinois State Geological Survey. A 12- 
gram sample was dissolved in dilute 
hydrochloric acid and the coarse and fine 
residues were separated by decanting. 
Both fractions were weighed and exam¬ 
ined under the microscope. The calcu- 

* Published with the permission of the Chief. ] 

lated percentages of insoluble residues 
were plotted in graphic form (fig. 1) 
to facilitate the comparison of results 
from one set of samples with another. 
The residue graph represents the most 
complete section available at the present 
time and is typical of both formations. 
This graph is based on samples taken 
from diamond-drill cores of the Rosiclare 
Lead and Fluorspar Mining Co.—A. C. 

No. 2 test hole. 

The Levias limestone is characterized 
by relatively little insoluble material, 
having a maximum of 13 per cent and a 
minimum of 3 per cent in the sections 
tested. The average residue content is 
about 8 per cent. The Levias is subdi¬ 
vided into two zones. The lower zone (A) 
is characterized by very fine sand grains, 
showing secondary crystal growth and 
comprising two to twelve per cent of the 
rock. These sand grains are probably 
reworked from the underlying Rosiclare 
sandstone. Glauconite which also may 
have been derived from the Rosiclare is 
present in this zone. The very fine silt 
and clay fraction is relatively unimpor¬ 
tant in this zone and does not exceed 3 
per cent of the rock. Zone A is variable 
in thickness, ranging up to a maximum 
of 4 feet in the sections studied. The 
residue graph (fig. 1) exhibits a well 
developed zone A of Levias. 

Zone B of the Levias is characterized 

by a relatively low average residue con¬ 
tent of about seven per cent in the sec¬ 
tions studied. The residues are dominant¬ 

ly very fine silt and clay. The coarse 
fraction, rarely exceeding one per cent 
of the total rock, is characterized by very 
fine silt aggregates that are frequently 
tubular in shape, possibly indicating an 
organic source. The average thickness 

of zone B in the sections studied is about 

16 feet. 

linois State Geological Survey, Urbana. 
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°/o Insoluble 

ROSICLARE LEAD AND FLUORSPAR MINING CO. - A. C. NO. 2 

SEC. 32, T. 12 S.t R. 8 E., HARDIN COUNTY 

ILLINOIS STATE GEOLOGICAL SURVEY 

BETHEL 

ROSICLARE 

MAY I. 1043 

Fig. 1 
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The contact of the Levias and Renault 
is characterized by an abrupt change in 
total residue content, the average content 
af the Renault being about 40 per cent as 
compared with the average of 8 per cent 
in the Levias. 

The Renault is subdivided into five 
zones on the basis of insoluble residues. 
The total residue of zone A at the base 
covers a wide range from 10 per cent to 
as high as 58 per cent, the variation 
aeing due to the variable proportion of 
day material. The coarse residue is char¬ 
acterized by the presence of medium to 
joarse silt grains, which comprise 5 to 
L5 per cent of the total rock. The abun- 
iance of silt is the distinguishing char¬ 
acteristic of this zone. The average thick- 
aess of the zone is about 14 feet. 

Zone B of the Renault is characterized 
)y low total residue content except for 
x few thin beds of shale. The average 
residue content is about 9 per cent, dom- 
nantly clay. The coarse fraction varies 
crom less than 1 up to 4 per cent of the 
;otal rock and consists of fine acicular 
juartz crystals and very fine tubular silt 
aggregates similar to those in Zone B of 
;he Levias. A 3-foot shale zone near the 
;op seems to be traceable throughout the 
area. The average thickness of the zone 
s about 13 feet. 

Zone C of the Renault is a very high 
•esidue zone consisting of very finely silty 
calcareous shales and thin beds of argil- 
aceous limestones. The average residue 
content is about 75 to 80 per cent. A 
'ew of the less argillaceous limestones 
nay have minor quantities of very fine 
silt aggregates typical of the zone below. 
The average thickness of this zone is 
about 20 feet. 

Zone D has a relatively low residue 
content, characterized by an abundance 
>f coarse silt and minor amounts of clay 
and very fine silt. The coarse silt con¬ 
sent ranges from 6 to 10 per cent and the 
ine fraction from 2 to 5 per cent. 

Zone E of the Renault is characterized 
>y chert and silicified fossils, particularly 
crinoid stems. The total residue content 
varies from 5 to 27 per cent depending 
•n the per cent of chert present. A few 

calcareous fossiliferous shale beds tend 
to increase the average residue content 
of the zone. The chert is white to faintly 
bluish. Very fine tubular silt aggregates 
may be present in considerable quantity, 
but are not persistent. Frequently silici¬ 
fied brachiopods have been noted. The 
maximum recorded thickness of this zone 
is about 35 feet. 

In some localities the Bethel sandstone 
rests directly on zones C and D or on an 
unusually thin section of zone E. This 
is indicative of the unconformity recog¬ 
nized at the base of the Bethel sandstone. 

Conclusions 

It is shown herein that on the basis of 
insoluble residues the Renault can be 
readily subdivided into five persistent 
zones. These zones are applicable to the 
Illinois fluorspar mining area and may be 
used to establish stratigraphic position 
within the Levias and Renault lime¬ 
stones. The unconformity at the top of 
the Renault formation is very well estab¬ 
lished by the absence of zones D and E 
in some localities. The low residue con¬ 
tent of the Levias offers sufficient data 
to separate that limestone from the over- 
lying Renault limestone. The presence 
of sand grains showing secondary crystal 
growth in the lower Levias is an adequate 
criterion to separate the Levias and Rosi- 
clare members of the Ste. Genevieve and 
to indicate that there was at least a 
limited amount of reworking of Rosiclare 
sandstone during the early deposition of 
the Levias limestone. 
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Physics Section 

The Physics Section of the Academy met in joint session with the 
llinois State Association of Physics Teachers. A program of formal 
apers was omitted and the time of the meeting was spent discussing 
roblems of science teaching and teacher training, particularly in the 
^condary schools. Representatives of sciences and teachers from other 
actions who were interested also attended and took part. 

Dr. E. L. Stover of Charleston, Chairman of the National Research 
louncil’s Committee on Wartime Modification of the Curriculum in 
liology, presented an outline already agreed on by the biological sciences 
s appropriate for teachers training for work in the secondary schools, 
uch a program met with the approval of the physics teachers and 
thers present who went on record as favoring its adoption. 

A resolution, which was later adopted by the Academy in general 
sssion, was presented, discussed, and approved. Mr. Keeler, of the 
llinois State Office of Education, suggested that the Academy Commit- 
3e provided for in the resolution be instructed to confer with the State 
Ixamining Committee and the Committee on Accrediting of High 
chools. 

It was the sense of the meeting that this committee should work 
3r the adoption of the regulation that a candidate for certification 
y the State as a science teacher be certified in subject matter field and 
ot merely certified. 

Mr. Keeler also pointed out that the Academy might be very helpful 
3 the State authorities in helping to plan a more adequate science 
urriculum for elementary schools, something which was greatly needed 
i Illinois. 

The following curriculum and resolution are those adopted at the 
leeting. 

REQUIREMENTS FOR LIMITED STATE HIGH SCHOOL CERTIFICATE 

Semester 
Hours 

I. General Education. 32 

a. Oral and written expression 8 
b. Natural Sciences: 

Mathematics, Botany, Zoology, (including physi¬ 
ology), Chemistry, Physics. 

c. Social Sciences:. 6 
History, Government, Sociology, Economics, 
Geography, 

d. Humanities: 
Modern and Ancient Languages, English Litera¬ 
ture, American Literature, Philosophy, Music. 

e. Additional work in any of the above fields 6 
f. Physical Education. 3 

*The major and one minor should be in separate areas or subjects selected from those listed in the 
•st paragraph of this section. 

♦Recommend that all students have more than one minor of 16 semester hours. 
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II. Education 16 

a. Adolescent Growth and Development 2 or 3 
b. Principles and/or Philosophy of Secondary Educa¬ 

tion, or Professional Ethics. 2 or 3 
c. Student Teaching (High School Level) 5 
d. Materials and Methods in the Secondary School, or 

Methods of Teaching a Particular Secondary 
School Subject. 2 or 3 

e. American Public Education 2 or 3 
f. Electives. 2 

III. *One Major (Area of Specialization) 24 

IV. *One Minor (Area of Specialization) 16 

V. Electives. 32 

Total. 120 

TO THE RESOLUTIONS COMMITTEE 

Whereas the present national emergency 
has called attention to the importance of 
sound education in the sciences and 

Whereas sound education in the Sciences 
will continue to be of fundamental impor¬ 
tance following the war and 

Whereas such education can be given only 
by well trained teachers of science 

Be it Resolved that, the Illinois Academy 
of Science, through its executive council, 
form a representative committee whose 
responsibility it shall be to formulate 
plans and policies concerning the prepa¬ 
ration and certification of the teachers 

of the sciences in the schools of Illinois 
to the end that, in thoroughness of prepa¬ 
ration and ability in teaching, standards 
be maintained at the very highest possi 
ble level. 

Be it Further Resolved that, the Committee 
so formed shall seek to cooperate with 
the State Department of Education ir 
bringing such plans and policies int< 
actual practice at the earliest possible 
time. 

Respectfully submitted, 
O. L. Railsback 

Chairman, Physics Section 



>apers in Social Science and psychology and education 

From the Report of the Section Chairmen 

Sections in Social Science and Psychology and Education held a 
oint session. A luncheon address was given by Sylvanus M. Duvall, 
leorge Williams College, on Wanted: A West Point for Peace Leader- 
hip. 

Six papers were presented at the section meeting, four of which are 
erein published. The others were: 

Jaffe, Grace M., Barat College, Lake Forest, Illinois, The Sociolog¬ 
ical theories of Cournot and Pareto examined in the light of world 
conditions today. 

Schersten, A. F., Augustana College, Rock Island, Illinois, Vice 
and juvenile delinquency in defense areas in Rock Island. 

Isabel C. Stewart, MacMurray College, Jacksonville, Illinois, was 
lected chairman for the section in Psychology and Education for the 
ear 1943-44. 

Grace M. Jaffe, Barat College, Lake Forest, Illinois, was made 
hairman of the Social Science section for 1943-44. 

(Signed) Max R. Goodson, Chairman 
V. D. Jolley, Chairman 

[161] 
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SCIENCE AND THE DAILY PRESS 
James S. Ayars 

Illinois Natural History Survey, Urbana 

Before the New York Sun, the first 
sv-priced, large-circulation newspaper 

the United States, was founded in 
33, the nineteenth century had felt the 
tpact of a flood of scientific discovery 
id invention. John Dalton had an- 
mnced his atomic theory of chemical 
tion that was to help liberate vast 
larded treasures of nature. Oliver 
vans had built the first high-pressure 
earn engine. Only four years before the 
unding of the Sun, Peter Cooper had 
gun building his terrifyingly swift 
)m Thumb engines for the Baltimore 
id Ohio. Only two years before, Joseph 
enry had designed the first electro- 
agnetic engine. 

In the youthful United States, inven- 
3ns followed scientific discoveries in a 
ddy whirl, and the large-circulation 
mny papers, children of invention and 
le spirit of the lusty age, acted as a 
italyst for the creation of still more 
ventions that followed still more dis- 
►veries. 

Darwin, Faraday, Kelvin, Mendel, 
endeleef, Pasteur—these are names 
reat among scientists of this zestful 
*e. Some of these names were known to 
aders of the large circulation papers, 
thers were not. But if the average 
;ader cared nothing for electro-mag- 
itism of the laboratory, he appreciated 
le drama of May 24, 1844, when Sam- 

F. B. Morse sat in the Capitol at 
rashington and sent impulses along a 
ire, spelling out “What Hath God 
brought” to Alfred Vail in Baltimore, 
) miles away. 
Behind the steam engine, the electric 

ilegraph, and the many other wonders 
•owding upon the westward sweeping 
orld of the century lay, for the average 
merican news reader, an occult science, 
hocus pocus, a mysterious unknown that 
wed as it excited curiosity. When the 
un in 1835 published a series of articles 
urporting to describe life on the moon, 
s readers accepted this enormous and 
everly executed hoax as merely another 

wonder of the modern world. Nothing 
seemed beyond the ability of man to dis¬ 
cover or invent. The pulling power of the 
hoax in increasing the Sun’s circulation 
until it reached the 19,000 mark, then 
largest in the world, is indicative of the 
thirst of the nineteenth century news¬ 
paper reader for science, or what he mis¬ 
took for science. 

Newspapers alone could not satisfy the 
avid appetite of the nineteenth century 
for scientific information. If the news 
reader could not find in his papers all the 
science or pseudo-science he required, he 
turned with eagerness to the world of 
conjectural science in the novels of Jules 
Verne. Each year for twenty years fol¬ 
lowing 1862, HetzePs Magazin d’Educa- 
cation published a Jules Verne novel. 

Probably most editors of the past cen¬ 
tury, when they ran science articles in 
their papers, sincerely hoped for accurate 
reporting. Dr. J. A. Udden of the Uni¬ 
versity of Texas placed much of the 
blame for inadequate and inaccurate sci¬ 
ence reporting as late as 1914 upon an 
educational system that failed to empha¬ 
size science for its prospective reporters.1 
Some editors, however, were less scrup¬ 
ulous and, sensing a circulation builder 
in the public hunger for science news, 
resorted to alleged scientific discoveries. 

In the course of years, enmity devel¬ 
oped between the scientist and the news¬ 
man. The newsman is impatient with 
the scientist’s patience. The scientist is 
impatient only with the newsman’s im¬ 
patience. To the newsman, time is every¬ 
thing. To the scientist, an eon is only 
another little space of time in the history 
of the world. Probably the Sun’s moon 
hoax did little to bring the scientist and 
the newsman together at a time when 
each was becoming convinced that he was 
the moving force in a world that hourly 
plunged ahead into new wonders. 

After the Twelfth International Geo¬ 
logical Congress had met in Toronto in 
1913, Dr. Udden made a study of the 
newspaper coverage of the meeting. Had 

'Udden. J. A “Science in Newspapers,’’ Popular Science Monthly 84, p. 483. May, 1914. 
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the meeting been held in the United 
States he would presumably have found 
a similar situation. The six Toronto 
dailies printed about 55,500 words on the 
congress. Reports of the proceedings con¬ 
stituted 26 per cent; general information 
on the congress 19 per cent; social func¬ 
tions 19 per cent; personal notes 12 per 
cent; interviews 9 per cent; geological 
excursions, emphasis on the humorous 
side, 7 per cent; reports of individual 
papers 6 per cent; editorials 2 per cent; 
discussion of scientific subjects of popu¬ 
lar interest, as the age of the earth, 6 
per cent.2 3 

“All social functions of the congress 
were reported with fulness and detail,” 
Dr. Udden commented somewhat sadly.8 

The date is December 29, 1936. Twen¬ 
ty-three years have passed since the In¬ 
ternational Geological Congress met in 
Toronto. The far-flung Scripps-Howard 
Newspapers have a science editor, a 
newsman who is so much a scientist that 
he lectures on general science at Western 
Reserve University. He is addressing the 
American Association for the Advance¬ 
ment of Science meeting in Atlantic City. 
Each day of the meeting, David Dietz 
tells members of the association, the 
large metropolitan papers devote one to 
five columns to the reports of papers 
presented. “The total amount of space 
devoted by newspapers of the nation to 
the meeting is in excess of a thousand 
columns a day.”4 

In December of the year before Pearl 
Harbor became a place to remember, the 
American Association for the Advance¬ 
ment of Science is meeting in Philadel¬ 
phia. Twenty-seven years have passed 
since the Toronto congress of geologists. 
Each of the press associations and sev¬ 
eral of the large dailies are represented 
by one or more men trained in science 
interpretation. If society editors are 
present, at least their stories do not 
account for 19 per cent of the coverage. 

Science, gleaned from the stodgy ver¬ 
biage found in individual reports, has 
become front page stuff in the most im¬ 
portant daily in the country. 

New Studies Show “Cosmic Phoenix” 
Operating in Main Sequence Stars 

This two-column head is from page 1 
of the New York Times, December 27, 

1940. The story occupies 13 inches or 
page 1 and 24 inches on page 36. It is 
by William L. Laurence, a Times special¬ 
ist in science reporting. 

In the same issue, the Times gives 3( 
inches on page 36 to a meeting of th( 
State Health and Physical Educatior 
Association meeting in Syracuse; 10^ 
inches to a meeting of boy and girl scien¬ 
tists in New York City; 15 inches tc 
the Archaeological Institute of America 
meeting in Baltimore. The science news 
for the day totals 92 ^ inches, or nearly 
five columns. 

Upper Air is Found 
To Contain Helium 

The Times thinks this head and the 
story below it by Laurence are worths 
of 14 inches on the front page, Decem¬ 
ber 29, and 24 % inches on page 22 
Other science stories in the same issue 
are headed “Press Research in Hydro¬ 
carbons,” from South Hadley, Massa¬ 
chusetts, 13^ inches; “Nuclear Physics 
studies at Smith,” from Northampton 
Massachusetts, 10 inches; “Ask Us tc 
Protect Science of World,” by Laurence 
E. Davies, from the American Associa¬ 
tion for the Advancement of Science 
meeting in Philadelphia, 37 inches; £ 
short story of 3 inches, also from the 
Philadelphia meeting; a short story of 
4Vz inches on the Entomological Society 
of America, in session in Philadelphia: 
a story of 15 inches on the Americar 
Philological Association, meeting in Bal 
timore. The day’s total of science news 
is 121^ inches, or over five and one-halt 
columns. 

The New York Times is not an average 
or even a typical American newspaper 
Nor does the period between Christmas 
and New Year’s Day represent a typica 
week in the world of science, as most oi 
the scientific meetings are, or were, helc 
at this time of year. But it is significanl 
that a leading newspaper on any tw( 
days of the year should devote so muc! 
space to scientific news. Still more sig- 
nificant is the treatment of that news 
Close to 100 per cent consists of reports 
of papers presented, written by a skillfu. 
interpreter who can read the language 
of scientists and write the language oi 
breakfast tables and suburban trains. 

2Udden. Op. cit., p. 484. 
3Udden. Op. cit., p. 487. 
4Dietz, David. “Science and the American Press,” Science, n.s. 85, p. 10/. 
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Other papers across the country carry 
eports of the Philadelphia meeting, most 
f them in smaller amounts but not all of 
hem in reduced accuracy, 

j The improvement in newspaper atti- 
ude toward science began with or short- 

I ? after the first World War, which was 
! ought with weapons forged by science, 

j The Boston meeting of the American 
association for the Advancement of Sci- 
nce, 1922, “was the first one to be re- 

; orted in a serious and thorough fashion 
nth a genuine effort to interpret its 
mportance to the public,” according to 
)ietz,B who noted in passing that Alva 
ohnston of the New York Times was 
warded the Pulitzer prize in journalism 
or his reporting of this conference. 

Founding of the National Association 
f Science Writers, in 1934, with a mem- 
ership of 11, represented a sincere effort 
y the best science newsmen to improve 
cience reporting. The announced pur¬ 

pose was “To foster the dissemination 
f accurate scientific knowledge by the 
ress of the nation in cooperation with 

! cientific organizations and individual 
dentists.”6 

The Associated Press has maintained 
ne or more science editors since 1927. 
n a letter written in 1941, Byron Price, 
hen Executive News Editor of the organ¬ 
isation, stated that the Associated Press 
has two reporters who devote their 
ntire time to the coverage of science 
ews, particularly to the natural and 
hysical fields. There are several others 
dio might be called specialists in science 
writing, for although they do not give 
11 their time to it, they are well trained 
i the handling of science news and are 
esponsible for its coverage in their ter- 
itories.” 

Other press associations, the large 
newspaper chains, and the largest dailies 
employ writers trained to cover scientific 
material. Many papers too small to main¬ 
tain science reporters make liberal use of 
Science Service, an organization founded 
by a newsman, E. W. Scripps, to improve 
the treatment of science by the press. 

Although science has failed to bring 
peace and prosperity to the world, as 
some persons claimed and some hoped it 
would do, the public still maintains a 
notable degree of faith in its potentiali¬ 
ties. That the reading public will con¬ 
tinue its interest in things scientific there 
is little doubt. That the public press will 
continue its attempt to satisfy that in¬ 
terest there is even less doubt. 

The World War that began in 1939 is 
more scientific in character than its pred¬ 
ecessor. Will it, like its predecessor, be 
followed by improvement in science re¬ 
porting? Scientists hold part of the an¬ 
swer. They should first of all develop 
a tolerant attitude toward the public with 
its thirst for science. They should main¬ 
tain a sympathetic attitude toward the 
press, attempt to understand some of 
the difficulties under which news is gath¬ 
ered and distributed, and express them¬ 
selves so clearly and in such language 
that they can be misquoted only with 
difficulty. 

Improvement over the past quarter 
century in the relationship between the 
newsman and the scientist gives hope for 
the future. To some extent, each with a 
contrite heart is willing to admit he has 
erred in the past. Each now admits, al¬ 
most freely, that the other is a power 
in the world. Where mutual forgiveness 
and mutual admiration prevail, all things 
are possible, short of absolute perfection. 

"Dietz. Op. cit., p. 108. 
"Dietz. Op. cit., p. 100. 
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THE POVERTY-LINE AND WARTIME SOCIAL POLICY 
W. Hardy Wickwar 

Rockford College, Rockford, Illinois 

It is now fifty years since Charles 
Booth invented the poverty-line, as a 
rough and ready yardstick for calculat¬ 
ing how many members of a community 
fall below a minimum standard of ade¬ 
quacy, and why. He brought social sci¬ 
ence to the service of social policy. To¬ 
day the guesses of the social scientist can 
be checked against the guesses of the 
nutritionist. But the poverty-line remains 
a rough, though handy, tool; it is not a 
social micrometer. 

Following a long series of British 
social surveys, Sir William Beveridge set 
his British poverty-line at not less than 
£2 a week for a couple and 10s for each 
child. With adaptations from the Toron¬ 
to Welfare Council’s minima, Leonard 
Marsh has drawn a broad Canadian pov¬ 
erty-band between $45.00 and $70.00 a 
month for a couple and $14.50 and $18.00 
for the average child. Budgets prepared 
by our Illinois Public Aid Commission 
and Department of Public Welfare sug¬ 
gest that the poverty-band at Rockford, 
Illinois, would lie between $55.00 and 
$80.00 a month for a couple and $14.50 
and $20.00 for the average child. The 
poverty-line thus interpreted is a broad 
band, not a slender streak. 

This urbanized county with 120,000 in¬ 
habitants, of whom 40,000 are now em¬ 
ployed—two-thirds of them on “essen¬ 
tial” work—contains nine categories of 
people who live in or near this poverty- 
band. 

First, come substandard wage-earners 
in intrastate commerce. Illinois has a 
mandatory minimum wage only for laun¬ 
dresses ($10.00 a week) and beauticians 
($16.50). The state legislature has re¬ 
fused to consider a 30d minimum. In the 
absence of a state minimum wage law, 
our state department of labor is not con¬ 
cerned with collecting any information 
on substandard wages. The number of 
intrastate wage-earners at Rockford re¬ 
ceiving about $20.00 a week or less is 
estimated at about 4000. To eliminate 
these conditions, we need first, a state law 
compelling the department of labor to 

find out and publicize the facts; secondly 
a state law empowering the department 
to fix minimum wages and then adjust 
them to keep pace with changing living 
costs. 

Next come substandard wage-earners 
in interstate commerce. Under the Na¬ 
tional Fair Labor Standards Act of 1938 
these must receive a statutory minimuir 
of 30d an hour unless their trade has 
a wage order minimum of 40^. Under a 
1941 contract, the trade union minimuir1 
in the Rockford furniture industry is1 
42 The number of interstate wage- 
earners at Rockford whose earnings ar* 
near these minima is estimated at 1,500- 
2,000. What we lack is national admin¬ 
istrative adjustment of these minima to 
meet rising living costs. Where 40* 
seemed necessary in 1938, 50<* is needec 
to-day. 

Third come temporarily unemployec 
wage-earners. Those who did not earr 
$225 in Illinois during the past twelve 
months are ineligible for insurance bene¬ 
fits; we therefore have no opportunity 
to count them. Actual recipients, how 
ever, of Unemployment Insurance bene 
fits in Winnebago County have fluctuatec 
between 250 in February and 27 in Apri 
1943. The benefit they receive ranges 
between $7.00 and $18.00 a week, anc 
may last 16 to 20 weeks. Here we neec 
legislation modifying the $225 rule, whicl 
operates against substandard wage-earn 
ers; national legislation eliminating stat( 
residence qualifications, which penaliz( 
labor mobility; legislation lengthening 
the benefit-period, in readiness for post 
war unemployment; legislative raising ol 
the minimum benefit rate, so as indirect¬ 
ly to reinforce the floor beneath wage 
levels; and administrative authority tc 
adjust the benefit scale to changes ir 
living costs. 

Fourth come social insurance benefici 
aries. We seem to have about 800 old-ag( 
insurance annuitants and nearly 800 whc 
draw survivors’ benefits. These 1600 per 
sons probably represent nearly 100( 

units. 
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Fifth come citizens awarded long-term 
tate assistance because their private 
neans do not suffice to meet a “budget” 
if minimum needs as estimated by the 
itate department of public welfare. This 
;tate assistance budget is more adequate 
han the local relief budget at Rockford, 
hough not at Chicago; but its food cal- 
:ulations are nearly one year and its 
tlothing calculations nearly two years 
>ut-of-date. Awards are made to 1800 
;lderly citizens enabling many of them 
o reach this comparatively adequate 
judget, although a couple awarded the 
)therwise adequate maximum of $80.00 
nay have to go on township relief for 

; lospitalization. But aid awarded to 140 
iamilies with 350 dependent children is 
nadequate, because the legislature has 

l imited it to $18.00 in respect of the first 
:hild, $12.00 in respect of each subse¬ 
quent child, and nothing for the guardi- 
m. Four-fifths of the ADC families do 
lot reach the state’s budget standards, 
and one quarter of them fall so far short 
;hat their ADC has to be supplemented 
from township poor relief. The legisla¬ 
te ought to provide for the young as 
adequately as for the old; and the admin¬ 
istration ought to keep its budgetary 
standards up-to-date. 

Sixth come recipients of township gen¬ 
eral relief. Rockford township, with more 
than five-sixths of the population of the 
;ounty, now gives home relief to only 250 
:ases or 500 persons a month, compared 
with 5,000 cases or 12,500 persons—one- 
tenth of our population—five years ago. 
About four-fifths of this improvement 
is due to increased employment and one- 

fifth to social security. Easy administra¬ 
tive cooperation between state and town¬ 
ship has raised the budget for a couple 
at home from $45.69 two years ago to 
$54.57 to-day—an admirable example of 
flexibility. Unfortunately such a couple 
is not really given 20 per cent more with 
which to meet the 20 per cent increase 
in the cost of living, because the closing 
of the surplus commodities depot deprives 
them of an average of $6.00 of supplies a 
month. 

Seventh come a growing number of 
soldiers’ and sailors’ dependents. They 
get the inadequate allowance of $50.00 
a month for a wife, $12.00 for the first 
child, and $10.00 for each subsequent 
child. They are beginning to apply for 
ADC. Congress ought to make their al¬ 
lowances adequate. 

Eighth come the miscellaneous recipi¬ 
ents of small annuities, pensions, and 
alimony. 

Ninth and last come aged and invalid 
people who to-day depend on the private 
charity of their families, but in bad times 
will again become dependent on public 

charity. 
From this prima facie evidence, I esti¬ 

mate that at least one-tenth and perhaps 
one-fifth of Rockford’s inhabitants are 
living on, near, or below the poverty-line 
at a time of full employment. I conclude 
that full employment shows no sign of 
remedying inadequate living standards, 
without further legislative and adminis¬ 
trative action. 

Freedom from want is one of the great 
ends for which we fight; but the means 
to this end have yet to be perfected. 
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GUIDANCE PROBLEMS IN WAR TIME 
Wendell S. Dysinger 

MacMurray College, Jacksonville, Illinois 

The tasks of guidance to-day are large¬ 
ly set in the requirements of modern 
warfare for technical and professional 
services. Some of the most essential serv¬ 
ices can be performed only by those with 
the highest levels of intelligence and 
training, while many other services re¬ 
quire abilities only slightly below these 
highest levels. Democracy has a strong 
tradition of equality, and there may be 
an aristocratic implication in the amend¬ 
ment, equality of opportunity, not equali¬ 
ty of ability. Democracy must learn to 
recognize her leaders, for the decision 
between Nazism, Communism, and De¬ 
mocracy will rest in large part upon the 
relative capacities of these forms of gov¬ 
ernment to identify and instruct those 
who are potential leaders. 

Differential abilities among human be¬ 
ings are not hard for Nazi party men 
to recognize. Since World War I, German 
leaders have studied the reasons for the 
defeat of 1918, and much attention has 
been given to the psychological factors. 
The collapse of morale on the home fiont, 
the extreme fatigue of General Luden- 
dorff, and the panic which developed in 
the army stimulated research upon re¬ 
lated problems. These studies were not 
accepted with enthusiasm by the army 
leaders in the early days, but their value 
was increasingly appreciated. With the 
coming of the Nazis, such studies were 
held in higher repute. E. R. Jaensch, a 
psychologist of prominence, was an early 
member of the Nazi party, and his influ¬ 
ence gave higher status to such work. 

The results from these studies are a 
strange combination of bizarre racial 
theory and important psychological meth¬ 
od. The Jew in psychology as in politics 
became the scapegoat. The pure Nordic 
became the ideal type. The rationaliza¬ 
tion of these prejudices in the name of 
science is parallel to similar results in 
anthropology. 

There are other more significant re¬ 
sults. A developmental record of each 
youth was preserved. His activities in 

the youth movement and in school work 
were recorded, and by the time he reached 
the age of active army service, a cumu¬ 
lative record of growth was available. 
Promising young men were identified and 
additional tests were given. Officer candi¬ 
dates were given long series of tests, and 
work samples were developed for careful 
observation of results. Ratings were 
made by experienced raters, and the total 
personality was finally appraised as a 
unit. Decisions remained with military 
leaders, but the work of those responsible 
for the identification of leaders is im¬ 
pressive. 

When America became involved in 
the war, the fundamental method for the 
creation of a large army was the draft 
and the national lottery. The local draft 
boards were given quotas which must be 
filled, and men were delivered to the 
army with little consideration of the 
needs for highly skilled and professional 
abilities in the national effort. College 
spokesmen emphasized the danger that 
colleges should be refuges for slackers 
rather than upon the need for trained 
leadership. 

At the reception centers, tests were 
administered and interviews were held. 
An effort was made to place the men in 
position for maximum service in the war 
effort, but the extreme pressure under 
which the work was done and the brief 
period which could be given to the indi¬ 
vidual leaves some doubts about the ade¬ 
quacy of these efforts. The appraisal of 
results can only be made when much 
more information is at hand. 

The schools were not in position to give 
military men much help. Few schools 
had cumulative records. The young man 
might be asked about school experiences, 
but this is hardly a safe basis for careful 
personnel work. 

School records are often limited to 
grades and disciplinary procedures. Such 
records are not complete measures of 
student growth. Tests are often added. 
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These instruments are useful when the 
;ests are adequately understood, admin- 
stered, and interpreted. Many critics of 
;esting procedures are criticizing tests 
:or failing to do what they were never 
ntended to accomplish. 

The need of objective records in the 
crisis has stimulated the use of the cumu- 
ative records. Aggressive steps are now 

Deing taken to improve these instruments 
and extend their use. Some of these steps 
nave the approval of our military leaders, 
and may represent a bridge between the 

school and the military services. 

The outstanding development at the 
high school age is the High School Vic¬ 
tory Corps. This is a voluntary program 
which unites the high school and the mil¬ 
itary forces in an effort to develop par¬ 
ticipation in the war by the future soldier 
Dr worker in accordance with his abili¬ 
ties. The publications which have out¬ 
lined this program are important con¬ 
tributions to education and to military 
planning. 

There are five major units, the Pro¬ 
duction Service Division, the Community 
Service Division, the Land Service Di¬ 
vision, the Air Service Division, and the 
Sea Service Division. The high school 
student may join one of these divisions, 
or he may hold a general membership. 

Guidance services are proposed to aid 
the student. A pupil inventory has been 
prepared, a brief but discriminating 
record. This program includes both the 
classroom and extracurricular activities, 
emphasizing physical fitness. How wide¬ 
ly the program will be adopted is not yet 
apparent, although in Illinois the State 
Director gives an encouraging report. 

Guidance at the college level has been 
confused. The college reserve programs 
have now largely served their purpose 
for the older students. These young men 
have been called to the colors. The chief 
problems of the future concern the 
younger men, the physically disabled, the 
young women, and the high school 
seniors. The central point of reference 
in working with these young people in 
college is service at maximum level with¬ 
in a reasonable time. Attention may be 
called to certain critical problems in this 

area. 

The teacher shortage is a serious 
threat to the American school. Teaching 
should be regarded as highly patriotic 
service. Acceleration brings many prob¬ 
lems to the campus, challenging the tra¬ 
ditional sequence of courses and pre¬ 
requisites. Provision for more rapid 
progress by the brighter student is now 
more important than ever. The transi¬ 
tion from high school to college has stim¬ 
ulated much discussion. The wisdom of 
such acceleration probably depends upon 
the intelligence of the youth, his social 
maturity, and upon the need of the 
nation for his services. The training of 
young people will doubtless represent 
an increased emphasis upon the technical 
and a decreased emphasis upon the lib¬ 

eral arts. 

The problems of mental hygiene are 
especially serious for a generation of 
young people who have never seen a 
stable world. All adults who live with 
young people today have an obligation 
to contribute. Young people need what¬ 
ever solace the insights of the ages or 
the hopes of the future have to offer, and 
they need whatever poise the mature can 
spare from their own emotional strains. 
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LIBERAL ARTS EDUCATION IN TIME OF WAR 
Ernest G. Hildner, Jr. 

Illinois College, Jacksonville, Illinois 

There should be an understanding of 
the difference between General Education 
and Education in the Liberal Arts. Much 
of the confused thinking along education¬ 
al lines in these days is a result of assum¬ 
ing that these are identical. 

A General Education is just what the 
term implies. There is no degree of 
specialization. All subjects or disciplines 
are given an equal weight in instruction. 
At the end, even under ideal conditions, 
one has but a smattering of this and of 
that. The student is not fitted for the 
technical requirements of modern em¬ 
ployment nor has he more than the mini¬ 
mum essentials necessary to enable him 
to see himself in relation to the universe. 

An education in the Liberal Arts has 
well been defir?d by Erasmus, “The first 
and principal function of education is to 
drink in the seeds of piety, to learn and 
to love classical studies, to be informed 
concerning the duties of life and for 
youth to be habituated to courteous man¬ 
ners.” This sentence is well worth con¬ 
siderable thought, man’s relation to God, 
to the great minds and souls of the past, 
service to mankind, and relationship to 
his fellows. From this it would seem ob¬ 
vious that it is not so much the subject 
as the spirit of instruction which counts. 
Liberal subjects, taught in an illiberal 
fashion, have no claim on the title liberal 
arts, whereas on the other hand, the most 
technical of material given in a liberal 
fashion and related to the whole body of 
knowledge may embody the whole spirit 
of a liberal education. 

Before leaving this matter of definition 
I should like to read a sentence from a 
recent article by Mortimer E. Cooley, 
Dean Emeritus of the University of 
Michigan, College of Engineering, and 
himself a distinguished engineer, “Edu¬ 
cation is made up of two parts: the first 
and most important part is teaching man 
how to live to get the most out of life 
for himself and to give the most to 
others; the second part is to give him a 
professional training enabling him to 

earn money to carry out the first.” Lib¬ 
eral education is concerned with under¬ 
standing rather than knowledge. One can 
find many liberal minds full of knowl¬ 
edge, but understanding brings a warm 
human sympathy encompassing the world. 

Now we are in the midst of war. Ac¬ 
cording to the War Manpower Commis¬ 
sion any young man, physically quali¬ 
fied, is destined for the armed services. 
Young women too are urged to prepare 
themselves for technical tasks to aid in 
securing the final victory. Must the lib¬ 
eral arts be, or have they already become, 
a war casualty? If they are already lost 
or are to become so, can they be revived 
at the end of the struggle? These ques¬ 
tions have been, and are, in the best 
minds of America. The answers given 
vary from the blackest pessimism to the 
brightest optimism. Undoubtedly the an¬ 
swer is somewhere between. Soon the col¬ 
lege campuses of the nation will largely 
be taken over by young men in uniform, 
training as specialists and officer candi¬ 
dates in the armed forces. The program 
of studies is prescribed by the War and 
Navy departments with the design of pre¬ 
paring them for effective use in the serv¬ 
ices in the shortest possible time. In 
order to help win the war so we may 
again live in peace the colleges must 
cooperate in this training to the best of 
their abilities. 

None the less there are men not wanted 
by the military, women who are not now 
needed. Any college failing to carry on 
a program for these persons, any college 
failing to keep true to the ideals of the 
liberal arts, the enrichment of human 
understanding, will be false to its trust1 
and ideals. The liberal arts may be lost 
in this case, not at the hands of enemies, 
but by the neglect of friends. In short, 
the arts may be lost by default, and this 
is perhaps the greatest crime we can 
commit against the younger generation 
as well as against the liberties of Amer¬ 
ica. If we shut the doors to a liberal 
education even for a short time the result 
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may well be like that of the Nazis in 
Germany in burning the books which 
gave a continuity to German existence, 
and helped make possible the imposition 
of the crazed ideas of a single mind on a 
generation of German school children. 
We must defend our liberties and the best 
means, other than the present necessary 
battlefields, is to keep the books open and 
make a liberal education possible. 

Most of us have already, in some meas¬ 
ure, tried to meet this need. We are 
engaged in speeded up programs, year 
’round college sessions, and other devices 
to aid in giving as much as possible be¬ 
fore our young men go into the service. 
None of us has been satisfied for no real 
liberal education can come as a result of 
hurry and turmoil. One must have lei¬ 
sure to really arrive at understanding. 
Another phase we have overlooked or 
disregarded in our haste has been that 
of the maturity of our students. To ar¬ 
rive at understanding rather than merely 
absorbing information, a student must 
mature during the course of his instruc¬ 
tion. This is no less a physical than a 
mental process. We can speed our teach¬ 
ing, we can put in the minutes and hours, 
but unless we can give young men and 
women time to mature much of our labor 
is in vain. No doubt, under the circum¬ 
stances, half a loaf is better than none, 
but let us not be deluded into believing 
we have more than half a loaf. Here is 
where, in my estimation, the new Uni¬ 
versity of Chicago Plan fails. It is gen¬ 
eral, not liberal, education; it provides 
the necessary time but does it produce 
or take account of the maturity necessary 
for understanding rather than mere gain¬ 
ing of information? 

For the moment most of our energies 
must be devoted to the winning of the 
war. At the same time we must be pre¬ 
paring ourselves and our students for 
the return from violence. It is one of the 
glories of a liberal education that a man 
is at home in all ages and under all cir¬ 
cumstances. With the war over we must 
again live in a peaceful world with our 
former enemies. Together we must try 
and build a world in which the dignity 
of man and the right of the individual 
to a voice in his own future cannot be 
violated. Only liberal minds can have 
the breadth of outlook to quickly bury the 
bitterness of the past and go on to the 
brighter future. Here America must be 

the hope of the world. Only on this con¬ 
tinent have colleges and universities con¬ 
tinued in full vigor. In Europe the light 
of the humanities has been extinguished 
by the totalitarian leaders, and education 
means only propaganda for the “New 
Order” and technical training for the use 

of the state. 

We must, to win the war, exceed our 
enemies in technical training, but there 
is a real danger that we may lose our 
liberal outlook in so doing. For years 
there has been pressure for a 'practical 
education; one which will fit graduates 
for specific jobs rather than the broad 
study of the humanistic disciplines. Un¬ 
der pressure of the necessity of the war 
program this process is well under way. 
If we are not careful and farsighted we 
shall be no better than the Nazis. Wen¬ 
dell Willkie in speaking of this subject 
a short time ago said, “If the humanities 
or the humanistic temper which they 
promote are permitted to lapse now we 
shall have lost the peace before we shall 
have gained it, and the real victory after 
the .war will be to the way of life, in¬ 
human, tyrannical, mechanical, of those 
whom we shall outwardly have con¬ 
quered.” This is the gloomy, the pessi¬ 
mistic view of what may or may not 

happen. 

To look at the brighter side of the 
picture may prove helpful. Many young 
men, forced to undertake a technical 
training as part of their contribution to 
the war effort have been stimulated to 
question their relations with their fellows 
and with the universe. One is reminded 
of the story of the soldier in one of our 
lonely outposts who discovered a copy of 
Shakespeare and immediately enrolled in 
the Armed Forces Institute for a course 
in that subject. These men who are offer¬ 
ing their lives are questioning what it is 
all about. Most of the answers can come 
only through a liberal education; litera¬ 
ture, philosophy, history, economics, and 
other disciplines which show the relation 
of man to the universe and to his fellows. 
This is well expressed by President Co- 
nant of Harvard in a recent article, “For 
one thing the present fighting generation 
and the younger boys in school will be 
tired of hearing even the names of science 
and technology. When the time for the 
resumption of normal education returns, 
a sharp reaction toward studies of a dif¬ 
ferent type, a resurgence of deep interest 
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in the liberal arts among students them¬ 
selves, would seem to be inevitable.” It 
is well to remember that President Co- 
nant is himself a chemist. 

Will we be, and are we, prepared to 
give this type of education or shall we 
have gone too far in our enthusiasm for 
all-out war preparation to return to it? 

What I have said so far has been chief¬ 
ly related to the colleges, but it applies 
just as much to the high schools. Here 
too the concern must be with essential 
and enduring values. In our enthusiasm 
it is too easy to lose the long view and 
give our complete attention to the affairs 
of the moment. The old statement that 
without vision the people perish is still 
true. It is our function to keep alive that 
vision and to provide the means whereby 
that vision may become an accomplished 
fact. If we betray our trust, an embit¬ 
tered, cynical, and mechanically minded 
generation can lose or destroy the vision 
which was the faith of the founders of 
this republic in the goodness of man and 
the essential value of the individual to 
himself and society. 

At this point Christian doctrine and 
liberal thinking are in accord. We must 
keep these patterns of thought alive, not 
only now, in the face of the present emer¬ 
gency, but stand ready to expand them 
when the present crisis is past. Unless 
we can do this, there will be no great 

liberal democratic republic as envisioned 
by the founders, or as hoped for by thei: 
descendants. America will have lost he: 
high destiny while fighting to preserve 
it. The future is in our hands and w< 
must not prove false to that trust. 

From the foregoing statement on* 
might assume that the schools, both seel 
ondary and of collegiate rank, are th< 
perfect transmitters of the accumulatec 
wisdom of the past and present. Suclj 
is not the case. In this hour of peril fr¬ 
ail our institutions it is well for us tt 
take stock of ourselves. We have been 
burdened with much dead wood in th< 
shape of unreal and antiquated thinking 
and modes of operation. Now is the op 
portunity to think through, to reform amj 
refine our procedures, to bring our insti 
tutions into line with the light of modern 
life and thought. If we take advantagi 
of this chance, then, and then only, wil 
we be prepared to render the maximun 
service to those who have every right t< 
look toward us as custodians of th< 
treasures of the experience of the race 
Then, and then only, will young men am 
young women who have been stimulate< 
to questioning turn to us for the answers 
Thus we can fulfill the hopes and expec 
tations of those by whom such institu 
tions were founded and the dreams o: 
those who nourished and helped then 
grow. 



Papers in Zoology 

From the Report of the Section Chairman 

Ten papers were included in the Zoology section program, seven of 
vhich were presented before the meeting. One was read by title only. 
<\)ur of the papers are here published, the others were: 

Balduf, W. V., University of Illinois, Urbana, A neglected function 
of biologists. 

Crawford, W. W., Blackburn College, Carlinville, An unusual case 
of sexually mature trematode from the body cavity of a diving 
beetle. 

Hoff, C. C., Quincy College, Quincy, Some Notes on the Natural 
History of Reelfoot Lake, Tenn. (Motion pictures). 

Reid, W. M., Monmouth College, Monmouth, The removal of para¬ 
sites from fowl hosts by means of starvation. 

Thomas, L. J., University of Illinois, Urbana, The life cycle of a 
new Diphyllobothrium tapeworm from the herring gull. 

Wright, Gilbert, Illinois State Museum, Springfield, Rare and 
extinct birds in the collection of the Illinois State Museum. 

Attendance at the section meeting was about 26. 

Charles S. Spooner, Department of Biology, Eastern Illinois State 
Teachers College, Charleston, Illinois, was elected chairman for the 
/ear 1943-44. 

(Signed) Herbert H. Ross, Chairman 
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MORTALITY OF THE YELLOW BASS MORONE 
INTERRUPTA AT LAKE CHAUTAUQUA 

(ILLINOIS) 
Donald F. Hansen 

Illinois Natural History Survey, Urbana 

Early in May 1942, Merlin N. Nelson 
■ and the writer made observations on mor- 
| tality among fishes at Lake Chautauqua, 
!a shallow 3,200-acre lake on the U. S. 
Fish and Wildlife Service Refuge at 
Havana, Illinois. The yellow bass, Mo- 
rone interrupta Gill, was by far the most 

i seriously affected species. According to 
the statement of Milfred Smith, Refuge 

| Patrolman, the deaths occurred on or 
[ about April 23, which was ten days be¬ 
fore our visit and approximately one 
month after the lake had cleared of ice. 
Our observations were made on fish after 
they had been washed ashore. Strong 
south winds during the period of mortal¬ 
ity resulted in most of the dead fish being 
blown to the north shore, where they lay 
beached in a continuous windrow one to 
two feet wide. There were very few dead 
fish on the leeward shore. There was no 
indication that the fish had undergone 
putrifaction before they were beached. 

On the basis of sample counts made 
between May 4 and 8 over paced dis¬ 
tances of shore line, the total mortality 
for the lake is estimated to have been in 
the neighborhood of 75,000 to 125,000 
fish of all kinds with an estimated weight 
of 15,000 and 26,000 pounds or 5 to 8 
pounds of dead fish from each acre of 

water. 

By way of comparison, it is estimated 
from our 1942 creel census that anglers 
took 2.3 pounds of fish per acre of all 
species and 0.4 pounds per acre of yellow 

bass alone. 

Among 639 specimens counted in the 
sample areas, totaling 191 linear feet 
along the north shore (the windswept 
shore) 93.0 per cent were yellow bass 
(Morone interrupta), 5.3 per cent were 
crappies (Pomoxis annularis and P. ni- 
gro-maculatus), and the remaining 1.7 
per cent included sheepshead (Aplodino- 
tus grunniens), gizzard shad, (Dorosoma 
cepedianum) and bluegill (Lepomis ma- 

chrochirus). Counts on the south shore 
showed only 20 fish in 175 linear feet, 
18 yellow bass and 2 crappies. What 
may be considered east and west shores 
of this lake are short and were not exam¬ 
ined for dead fish. A single dead buffalo 
was seen, but not in one of the sampling 
areas. Certain other species important in 
this lake, including largemouth bass, yel¬ 
low perch, and carp were not seen among 
the dead specimens. There were also 
many other species of lesser abundance 
which were not affected. 

Sizes affected. — A series of length 
measurements were taken of the yellow 
bass found in a short stretch (211/4 feet) 
of the windrow of beached fish. These 
lengths were tabulated by V2 inch length 
classes in table 1. In the same table are 
shown the sizes of the yellow bass taken 
in hoopnet samples in November, 1941, 
and in May, 1942; thus, prior to, and 
after the mortality. 

The dead specimens showed nearly the 
same size distribution as those caught in 
nets—except that the largest fish seem 
to have pretty well escaped mortality. 
The three distributions in Table 1 all 
show two prominent modes—one at 6Y2 

inches and one at around 8 or 8V2 inches. 
On the basis of ring counts on scales 
from hoopnet samples obtained in May 
1942, I would guess that ages of the dead 
bass in the shorter size mode were ap¬ 
proximately 12 months old and those 
in the next mode were approximately 24 
months old. The age rings in these fish, 
however, were not too well marked so 
that this analysis may not be correct. 

Cause of death.—Van Oosten (1938) 
lists ten general causes of fish mortality; 
two others are described by Powers 
(1937) and Woodberry (1942). While 
certain possible causes of the Chautau¬ 
qua mortality, such as abnormal gas con¬ 
ditions and parasitic infections were not 
investigated and therefore cannot be 
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Table 1.—Size Distribution of Yellow Bass, Including Beached Specimens 

and Hoopnet Specimens 

Total 
Length 
Classes 
(inches) 

Died in late 
April, 1942 
(beached) 

NUMBERS 
Taken in 1 inch (square mesh) hoopnets 

November, 1941 May, 1942 

5.3-5.7. l 1 
5.8-6.2. 12 5 19 
6.3-6 7. 24 23 40 
6.8-7.2. 5 10 9 
7.3-7.7. 2 5 
7.8-8.2. 11 1 29 
8.3-8.7. 5 13 12 
8.8-9.2. 12 
9.3-9.7. 2 6 
9.8-10.2. 1 
10.3-10.7. 
10.8-11.2. 1 

Total. 59 61 135 

ruled out, it may be suggested that death 
of the yellow bass resulted from the 
weakening effects of spawning. This 
cause of death is well known in the Pa¬ 
cific salmon but seems to be an uncommon 
cause of death among fish in general. 
Although the Chautauqua mortality oc¬ 
curred approximately at the spawning 
season of the yellow bass, there is good 
reason to suppose that some other factor 
was involved—first, because crappies and 
bluegills, which ordinarily do not spawn 
so early, died at the same time as the 
yellow bass, and second, because death 
of yellow bass at the spawning season 
is unusual. Observations on the condition 
of the gonads in 1943, the year after the 
mortality, showed conclusively by the 
presence of ripe eggs and sperm that 
this (i.e., late April to early May) was 
the spawning season for yellow bass. 
The 1943 observations also showed that 
all sizes of the dead yellow bass were 
large enough to spawn. 

While, as mentioned before, the mor¬ 
tality of the Chautauqua fish had stopped 
before we arrived at the lake, the yellow 
bass which we took in hoopnets, May 
4-14, were obviously weak, turning belly 
up soon after they were placed in tubs 
of water. This sort of weakness was not 
observed in other species handled at the 
same time, except that it was noticed 
in shad, which is unusually sensitive to 
handling at all times. Weakness of the 
yellow bass was also observed during 

the April 27-May 1 hoopnet census of the 
lake the following year (1943) although 
no mortality of the species was evident. 

The effect on fishing.—Inasmuch as the 
yellow bass fishing in Lake Chautauqua 
had been of practically no importance 
prior to 1942, the mortality had no notice¬ 
able effect on the catch in the subsequent 
months. As a matter of fact, in the four 
months following the mortality, our creel 
census showed a very striking improve¬ 
ment in yellow bass fishing over that of 
both the 1940 and 1941 seasons. In 1940 
(data unpublished) four boat liverymen 
reported the capture of only one yellow 
bass among about 8,000 fish caught there 
from May to September. 

The complete census at Bridgeman’s 
boat livery, Hansen (1943), showed only 
9 yellow bass taken in 1941 (12 months) 
while at the same livery in 1942, over 
1,200 were caught in the first 8 months. 
With respect to numbers caught, the yel¬ 
low bass ranked in second place for that 
8-month period. They also continued to 
be taken in large numbers in 1943. It is 
difficult to see any causal relation be¬ 
tween the mortality and improved fish¬ 
ing; a high motrality followed by poorer 
catches would, however, be commonly ex¬ 
pected. Comparison of hoopnet catches 
before and after the mortality suggests 
that not over a quarter of the yellow 
bass died. 

Another coincidence connected with 
this mortality was the fact that yellow 
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jass, crappies, yellow perch, and especial- 
y bluegills were all being caught by 
mglers at the time of the mortality, and 
n the week following. The first yellow 

bass of the season were reported on the 
census cards on April 21, just two days 
Defore the deaths were said to have 

started. 

I am indebted to Charles D. Smith of 
Liverpool for bringing this mortality to 

my attention and to Dr. David H. Thomp¬ 
son and Agnes C. Hansen for discussion 
of the manuscript. 
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DISTRIBUTION OF GROUND SQUIRRELS IN ILLINOIS 
Carl O. Mohr 

Illinois Natural History Survey, Urbana 

Beginning in 1931 and ending in 1942, 
the writer recorded the location of every 
ground squirrel identified during the 

1 course of survey work for the Illinois 
i Natural History Survey. Two species 
| occur in Illinois, Franklin’s ground squir¬ 
rel, Citellus franklinii (Sabine), and the 

|13-striped ground squirrel, Citellus tri- 
I decemlineatus (Mitchill), both species 
confined to the northern and central por- 

! tions of the State. 

Localities at which these animals were 
observed are recorded as spots on the 
accompanying maps (figs. 1 and 2). Town 
or city names were used as reference 
points and the ground squirrel recorded 
as being present near a given town or 
city if it were observed within five miles 
of its center as measured by automobile 

! speedometer. 

The writer has seen neither species of 
i ground squirrel south of a line connecting 
Monroe and Crawford counties, although 

they undoubtedly occur in a number of 
restricted areas south of this line. How¬ 
ell, 1928, recorded that a correspondent 
reported Franklin’s ground squirrels 
present as far south as St. Clair county. 
The present v/riter found 13-striped 
ground squirrels in limited areas as far 
south as Madison county. 

A rough idea of the numerical distri¬ 
bution of ground squirrels may be gained 
by comparing the number of localities at 
which they were seen with those at which 
a more widely distributed animal, the 
woodchuck, Marmota monax (Linnaeus), 
was seen during the same period and 
by the same method. 

South of the line mentioned above, I 
have seen no ground squirrels and 39 
woodchucks. North of this line I have 
observed Franklin’s ground squirrels at 
almost as many localities as woodchucks 
and have seen striped ground squirrels at 
two or three times as many localities. 
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Maps of Illinois on which are recorded 
by dots the localities in which the Frank¬ 
lin’s ground squirrel, the 13-striped 
ground squirrel, and the woodchuck were 
observed, 1931-1942. Comparison of the 
map showing woodchuck records with the 
other two maps will give a rough approx¬ 
imation of the numerical distribution of 
ground squirrels in Illinois. 
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THE RHOPALOCERA OF PRINCIPIA COLLEGE 
Charles L. Remington 

Principia College, Elsah, Illinois 

During the past four years the writer 
has carried on a study of the butterflies 
occurring in the vicinity of the campus 
of Principia College. The campus is just 
seventeen miles northeast of the city 
limits of St. Louis. It is on some of the 
highest of the limestone bluffs overlook¬ 
ing the Mississippi River. Ecologically, 
the hills comprising most of the campus 
are covered by typical oak-hickory climax 
forest. A total of seventy-eight species, 
eighteen subspecies and forms, and one 
aberration were taken during the study. 
Five of the seventy-eight species and one 
of the subspecies are exotic insects not 
normally to be found here. Of these six 
butterflies, Phyciodes g or gone and Hemi- 
argus isola have their normal range more 
than three hundred miles to the west, 
Phoebis sennae marcellina, Eurema mex- 
icana, and Anthanassa texana are Texan 
and Mexican species, and Strymon m-al- 
bum flies in Florida and adjacent states. 
The presence of southern and southwest¬ 
ern butterflies as far north as central 
Illinois possibly may be explained by pre¬ 
vailing southwest winds blowing during 
late summer and fall. 

In conducting the study of butterflies 
at Principia College, the writer has made 
constant observation of the dates when 
each species is on the wing. This enabled 
him to outline the flight periods, number 
of broods, and abundance of individuals 
for each species found. The necessary 
briefness of the present paper eliminates 
the inclusion of this material, .however. 

The foodplants of thirty-one species 
have been determined for this area. Par¬ 
asites have been reared from six species 
and have been identified by the United 
States Bureau of Entomology and Plant 
Quarantine. An ichneumon-fly, Epiurus 
aIborictus, was reared from a larva of 
the Green-clouded Swallowtail, Papilio 
troilus. This little wasp normally para¬ 
sitizes the larvae of leaf-rolling moths of 
the family Tortricidae. Thus, the use 
of this swallowtail butterfly as a host is 
noteworthy. The unusual parasitism may 

be explained by the leaf-folding habit of 
P. troilus larvae. Possibly the female 
wasp entered the folded leaf of this 
butterfly larva while searching for the 
normal host, and deposited an egg within 
the larva of the swallowtail. 

Eight of the ten families of North 
American butterflies have been taken at 
Principia College. These are briefly dis¬ 
cussed in the remainder of the paper. 

Six species of swallowtails, Papilion- 
idae, have been found, all commonly. 
Host plants have been determined for all 
six species. Three subspecies have been 
taken in this family, two of which are 
merely broods which have received 
names. The practice of naming broods 
seems to the writer a useless encum¬ 
brance of the already overloaded synony¬ 
my of butterflies. The other subspecies 
is the dimorphic yellow female of the 
common Tiger Swallowtail. Normal fe¬ 
males here are mostly a smoky gray- 
black, but the subspecies here mentioned 
applied to the female form whose mark¬ 
ings greatly resemble those of the male. 

Eleven species of Pieridae have been 
found. One southwestern species, Eu¬ 
rema mexicann, was taken. This has also 
been taken rarely in Missouri and is a 
straggler this far north. Phoebis sennae 
marcellina is a geographic race found in 
the American tropics. A perfect pair has 
been taken during this study at Principia 
College: a female on August 25, 1941; a 
male October 5, 1941. 

Our one representative of the Danaidae 
is Danaus plexippus, the Monarch butter¬ 
fly. As in all other parts of its range, 
so in Illinois, there is a conspicuous fall 
migratory flight to the Gulf States and 
southward. No. return flight in spring 
has been observed, but individuals some¬ 
times are seen in early April. Fresh 
specimens emerge from the chrysalis in 
late April. Although he has as yet no 
verification, the writer believes that nu¬ 
merous eggs are laid in the fall before 
migration, and that the next year’s early 
brood comes from these eggs. This would 
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explain the fact that no spring migration 
of many individuals has even been ob¬ 
served as far south as Illinois. 

Only two species of Satyridae have 
been taken, and one other is doubtless 
common in mid-summer. The paucity of 
local species of this family is explained 
by the fact that the wood nymphs are 
principally found in the Transition Zone 
and the Boreal Region. 

The family Nymphalidae is represented 
by nineteen species in the collecting done. 
Two of these are exotic. Euphydryas 
phaeton, the Baltimore Checker Spot, is 
a species which breeds in the area of 
study, but for unexplained reasons it 
appears only one out of ten or more 
years. In 1934 numerous larvae were 
found on the campus of Principia Col¬ 
lege, and easily reared. That year the 
species was not rare on the wing. Since 
then careful searching has revealed no 
single larva or adult of this species. A 
similar lapse also preceded this one year 
of abundance. 

Only one species of Libytheidae, or 
snout butterflies, has been taken. This 
is Libythea bachmanii. It appears irreg¬ 
ularly each year, and is attracted in the 
adult stage to blossoms of both black and 
honey locust. 

Twelve species of Lycaenidae have been 
taken, and three others probably also 
occur in the region. Two of the species 
found must be classed as rare stragglers. 
In the Bulletin of the Brooklyn Ento¬ 
mological Society (XXXVII, No. 1, pp. 
6-8), appeared a paper by the writer dis¬ 
cussing the unusual occurrence of Hem- 
iargus isola, a tiny blue butterfly rarely 
ranging east of Kansas. A single slight¬ 
ly worn female of Strymon m-album, a 
Florida hairstreak, was taken on the 
campus of the college April 18, 1943. 

The writer knows of only one previous 
capture of this species in this part of the 
country, a specimen taken in St. Louis 
County, Missouri, several years ago. 

The last family of butterflies is the 
Hesperiidae, or skippers. More of these 
small, heavy-bodied butterflies have been 
found than any other family, twenty-six 
species having been taken. Probably 
about four more will eventually be found. 
Only one of the skippers caught here is 
worthy of special note. During the first 
week of July, 1942, the writer’s father, 
P. S. Remington, Jr., collected a large 
series of Problema byssus at Principia 
College. This species has previously been 
known only from the Gulf States, and 
its occurrence this far north greatly ex¬ 
tends its range. 

As a result of this four-year study of 
the butterflies of the vicinity of Principia 
College, seventy-eight species have been 
recorded. Five of these are rare strag¬ 
glers. From twelve to fifteen more spe¬ 
cies probably breed here. Most of these 
latter fly during a two-month period of 
mid-summer when the writer’s absence 
from the campus has necessitated omit¬ 
ting them from the present study. Thus, 
approximately ninety species of butter¬ 
flies breed regularly in this small area. 
Probably less than forty others are to 
be found in other parts of Illinois. Since 
about seven hundred species of butterflies 
are recognized as occurring in North 
America, more than ten per cent of the 
North American species are to be found 
on the campus of Principia College. After 
careful collecting has been carried on 
in all main sections of the State, a list 
of the species found in Illinois may be 
prepared, and will arouse the same in¬ 
terest as the state lists from California, 
Kansas, Nebraska, Minnesota, and New 
York. 
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LABORATORY FEEDING OF CULICIDAE 
Willis E. Snow 

University of Illinois, Urbana 

The raising of mosquitoes under caged 
r laboratory conditions has been ex- 

lensively practiced with Anopheline mos- 
uitoes for many years, but only a few 

I iractical feeding procedures have been 
ierived. Bates (1941), working with A. 
naculipennis var. atroparvus, found un- 
avorable a routine medium of mud, rain 
vater, and bread in water with a high 
titrate content. Mud (soil) and sand in 
•outine breeding favored larval growth 

i >y furnishing necessary minerals in solu- 
ion, by serving as a source of organic 
!ood, and by acting as an absorbing agent 
’or unfavorable material. A standard 

medium of calcium sulphate, sodium 
chloride, and magnesium sulphate in the 
proportion 5-5-1 parts per thousand made 
;he best medium for early growth when 
Iry bread crumbs were added. Russell 
md Mohan (1941) used a ten per cent 
glucose solution for males and rabbit 
Dlood for females of A. stephensi myso- 
rensis. Gravid females were forced to 

pviposit by being placed in a test tube 
which was then knocked gently on the 
dde and the mosquitoes then flung into 
water in a dish by vigorously swinging 
the tube. If her legs caught in the water, 
the mosquito then began to oviposit. 
Hackett and Bates (1939), while work¬ 
ing with A. maculipennis in Albania, 
found the best food for larvae was fine 
dried bread crumbs. The rearing pans 
contained a sub-stratum of seived mud 
and were kept in a heated room in winter 
with a roof of cellophane and wire screen¬ 
ing to admit sunlight. As many as three 
thousand Anophelines were raised per 
day with the labor of one man. 

Russell and Mohan (1939), in main¬ 
taining a colony of A. stephensi, removed 
the eggs from oviposition cages and 
placed them in paraffined cork rings in 
a large basin of tap water. Hay infusion 
and small amounts of a mixture litmus 
milk and dehydrated blood serum (2-1) 
were added occasionally and the water 

|was aerated once daily by large pipette. 
Females were given opportunity to ovi¬ 

posit in bowls of tap water, sea water, 
and cow-dung water. Eggs were removed 
in equal numbers from cow-dung and tap 
water; on only rare occasions were eggs 
taken from sea water. The rate of 
growth appeared similar but larvae from 
cow-dung water seemed best, whereas, 
larvae from sullage seemed most robust. 
Development from egg to adult took five 
to nine days, the gestation period was 
five to six days. The colony cages were 
wooden boxes with sides two feet square 
and a wire screen front with a cloth 
sleeve entrance. The relative humidity 
was kept high (seventy per cent) by 
means of bags of wet sand and pieces 
of wet cloth suspended in the cages. Glu¬ 
cose (10 per cent) water on cotton wool 
was kept in each cage and a rabbit was 
put in every night. 

Bertram and Gordon (1939), working 
with A. maculipennis in Liverpool, used 
a technique similar to that used by Bates. 
Earth with grass attached, gathered 
from a small stream bank was brought 
to the laboratory, broken up by hand 
and allowed to dry over newspapers and 
thinned by passing through different wire 
meshes. Finally, it was stored in five- 
pound fruit jars which were sterilized 
at 160 °C. for twenty minutes on two 
successive days. When required for use, 
nine parts of the prepared earth were 
mixed with fifty parts of rain water. 
The mixture was then allowed to settle 
and the particles floating to the surface 
were skimed off, since they might inhibit 
proper development of the larvae. At 
intervals fresh mud and water were 
added to another dish of the mixture 
(2c cm. per larva), to which the larvae 
were transferred and to which sifted 
bread crumbs were added daily until the 
larvae reached the fourth instar. At this 
point it was found necessary to make a 
final transfer. 

The author, in the winter of 1942- 
1943 experimented with adult Culex res- 
tuans and Theobaldia inornata to deter¬ 
mine their food habits under laboratory 



182 Illinois Academy of Science Transactions 

conditions. Since bananas, a known source 
of food for mosquitoes, were unobtain¬ 
able, raisins were placed in distilled water 
in a small glass inkwell and then placed 
within the mosquito cages. During the 
first night, December 8, among a series 
of thirty mosquitoes (T. inornata and 
C. restuanas) the females (app. 15) en¬ 
gorged 100%, while the males engorged 
only 80%. On December 15, a similar 
experiment was run in which raisin juice 
without the raisins in the solution was 
fed to C. restuans, with the same results. 
It was thus concluded that the mosquitoes 
did not necessarily feed but merely drank 
the extract. On January 4, 1 cc of mal¬ 
lard duck blood mixed wtih 1 cc of an 
0.85 per cent physiological saline solution 
containing 0.05 per cent sodium citrate 
was offered to thirty female Culicines, 
but only one engorged. On January 23, 
y2 cc of frog blood (Rana clamitans) 
plus IV2 cc sodium citrate solution was 
offered to fifteen females, three of which 
engorged. On January 26, V2 cc of duck 
blood pus IV2 cc of saline citrate solution 
was fed to fifteen mosquitoes (C. restu¬ 
ans and T. inornata), two were actually 
seen to feed, and one fell into the solu¬ 
tion after engorging and died there. This 
final experiment was run on the survival 
mosquitoes from a series of sixty col¬ 
lected in October. Since October, forty- 
five or 75 per cent had died and the re¬ 
maining fifteen were fed the blood. All 

the males had died by December 11. The 
females had lived well over three months 
in captivity and if they had been allowed 
to exist until spring, the mortality might 
have reached 80 per cent. Of those mos¬ 
quitoes which do engorge, about three out 
of fifty die. The highest mortality rate 
by far occurs among those which will not 
feed. The above species of mosquitoes 
are repelled from feeding on duck blood, 
probably due to its peculiar odor, and 
could only be induced to feed by diluting 
the blood to 25 per cent. After feeding 
the indwell, the mosquito rests from 10 
minutes to half an hour before slowly 
walking away. The mosquitoes used in 
the above experiments were kept between, 
60 to 70 °F., humidity, 50-60 per cent. 
They were active from emergence to 
death; none appeared to be hibernating 
though several collected on the roof of 
the cage and moved very little. These 
mosquitoes are abundant only in fall and 
spring. T. inornata seldom attacks man. 
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Collegiate Section 

Council Members, 1934-1944. 

Brian Neville, Loyola University, Chicago. 
Frances Haas, Rosary College, River Forest. 
Betty O’Connor, College of St. Francis, Joliet. 
Elizabeth Ann Livesay, University of Illinois, Urbana. 

During the year 1941-42 the Academy Council authorized the 
organization of a Collegiate Section and Dr. T. H. Frison, then Presi¬ 
dent of the Academy, appointed H. R. Wanless, F. M. Fryxell, A R. 
Moore, J. W. Neckers, L. W. Miller, R. W. Lefler and Miss D. Richardson 
as a committee to work out plans for such a section. The Reports of 
Council Meetings for 1941-1942 (Transactions, vol. .34, no. 4, pp. 259- 
263) contain brief reports of the work of this committee. 

The inaugural meeting of the Collegiate Section was held with the 
35th annual meeting of the Academy at the University of Illinois May 
8 1942, with three sectional meetings organized and 37 papers scheduled 
for presentation. A detailed report of this meeting has been printed 
(Transactions, vol. 34, no. 4, p. 264-265). The papers submitted for 
publication were printed in the Transactions (vol. 35, no. 2) but were 
distributed into appropriate Senior Academy sections as follows: one 
in Anthropology, one in Botany, and one in Zoology. 

With this issue of the Transactions, printing of the submitted 
Collegiate Section papers as a unit is begun, with the thought that, by 
lending a sense of individuality, such a procedure will further stimulate 
interest in the Collegiate Section. Furthermore, the papers submitted, 
being reports of investigational work done by college seniors, all present 
a special phase of scientific endeavor that may well be presented as a 
unit of the Academy’s interest. 

At the Jacksonville meeting, 16 papers were presented. Six of these 
are printed in the following pages and the remaining ten are recorded 
by author and title, as follows: 

Mari jane Anderson, Rosary College, River Forest, Plant Pig¬ 
ments and Plastids. 

Ada Jeanne Thomas, College of St. Francis, Joliet, Prevalence of 
Typhoid Fever in Illinois—1935-1941. 

Dorothy Tatter, Rosary College, River Forest, Genetics and Pre¬ 
medics. 

J. A. Frymire, University of Illinois, Urbana, The Effects of Low 
Pressures on Colon Activity in the Dog. 

M. Vruno, Loyola University, Chicago, The Use of Alizarin Stain 
for a Microscopic Study of Bone Development in the Chick. 

[183] 



184 Illinois Academy of Science Transactions 

R. DeSalvo, M. Kralicke, and A. Sowka, Loyola University, Chi¬ 
cago, Further Studies on the Cardiac Frequency of the Chick 
Embryo. 

W. A. Teppert, University of Illinois, Urbana, The Effects of Janus 
Green B upon the Respiration and Potential of Frogs. 

William Oesterling, University of Illinois, Urbana, Geological 
Study of Aerial Photographs in the Uinta Mountains, Utah. 

Dorothy Johnson, University of Illinois, Urbana, Correlations of 
the Mississippian in Alaska and Canada. 

Earl Cockrum, University of Illinois, Urbana, Stratigraphic 
Studies on the Mississippian of the Rocky Mountains. 

Attendance at the Collegiate Section was as large as 40 during 
a part of the time and well over 20 throughout the meeting. 

(Signed) H. R. Wanless, Coordinator 
Department of Geology, 
University of Illinois 
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ELECTROLYTIC POLISHING OF METALS FOR 
METALLOGRAPHIC EXAMINATION 

John A. Bell 

Senior in the Department of Mining and Metallurgical Engineering, 

University of Illinois, Urhana 

To polish a metal by electrolytic means, 
he piece is first polished on emery pa- 

} >ers, and then the article is made the 
mode in a cell of a suitable electrolyte 
ind cathode. The proper voltage is ap¬ 

plied across the cell, and electrolysis is 
illowed to proceed until the desired 
jolish is obtained. This method was first 

j;ried in 1935, and since that time the 
lorocess has become increasingly popular, 
ispecially in the preparation of metals 
for examination under the microscope. 

Electrolytic polishing has many ad- 
/antages over the standard method of 

j nechanically polishing metallographic 
! specimens. When properly done, the elec¬ 
trolytic method is much faster than the 
mechanical method. Also, for many met¬ 
als, electrolytic polishing gives better 

{results, because, when successfully used, 
it gives a surface that is completely free 
3f scratches, pits, pulled out inclusions, 
or flowed metal. Another advantage is 
that one need not be very experienced in 
order to use electrolysis for polishing, 
whereas mechanical polishing can only 
be done successfully and rapidly by one 
who has had much experience, and who 
has become very proficient in that type 
of work. Because of these many appeal¬ 
ing characteristics of electrolytic polish¬ 
ing of metals, the process has been of 
great interest to metallurgists. 

The process also involves certain dis¬ 
advantages that have retarded its wider 
adoption. One of the largest difficulties 
involved is the fact that duplication of 
results are often difficult to obtain unless 
a setup can be maintained with unvary¬ 
ing conditions, such as constant speci¬ 
men size, shape, composition and former 
treatment. Other variables that exert a 
considerable influence on the results are 
the amount of stirring of the electrolyte, 
the composition of the electrolyte, the 
distance between the specimen and the 
cathode, the size of the cathode, and 
the temperature of the bath. When 

any one of these conditions is varied, the 
polish that results will probably not be 
the same as the polish given by the for¬ 
mer conditions. This fact has discour¬ 
aged many metallographers from trying 
to use electropolishing. Other disadvan¬ 
tages of the method also exist: (1) Some¬ 
times excessive anodic action takes place 
around inclusions. (2) For some metals, 
the most popular electrolyte is the dan¬ 
gerous perchloric acid-acetic anhydride 
solution. (3) The polished surface some¬ 
times shows undulations. 

This paper, however, will be limited 
to the work which was done on trying to 
find a way to constantly reproduce re¬ 
sults, since this is a large barrier to the 
wider adaptation of electrolytic polish¬ 
ing to metallographic technique. This 
work was done by the author, under the 
direction of Mr. B. G. Ricketts of the met¬ 
allurgical engineering staff at the Uni¬ 
versity of Illinois. The purpose was to 
see if polishes can be reproduced, under 
varying conditions, by using the same 
anodic potential each time a specimen is 
polished, since anodic potential is the 
factor that determines the speed and 
type of corrosion of the metal. 

The procedure used was as follows. 
Two brass specimens of 70 per cent 
copper and 30 per cent zinc were cut 
from %-inch round bar. One specimen 
was V2 inch long, and the other was Vs 
inch long. Two concentrations of electro¬ 
lyte were made, one being 540 gms. of 
orthophosphoric acid per liter of solution, 
and the other being 430 gms. of acid per 
liter of solution. Two cathodes of copper 
sheet were formed, one having an area 
of 22 sq. cm. and the other having an 
area of 10 sq. cm. A potentiometer was 
used to measure the combined voltage 
of a calomel electrode and the specimen 
anode half cell, and from that measure¬ 
ment, the potential of the anode was 
determined while polishing was taking 
place. A rheostat was used to vary the 
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bath voltage from zero to any suitable 
potential difference, to permit the voltage 
across the bath to be adjusted to give 
any desired anode potential. The proper 
reading was then set on the potentiom¬ 
eter, and the rheostat was adjusted until 
the galvanometer in the potentiometer 
circuit showed no deflection. This of 
course indicated that the known potential 
of the calomel electrode plus the unknown 
anode potential was equal to the poten¬ 
tiometer setting. By this means, electro¬ 
polishing was done consistently at the 
same anode specimen potential. 

The first step in the investigation was 
to get an electropolish on a specimen 
under certain set conditions. The ap¬ 
pearance of the polished surface was 
then observed closely at both high mag¬ 
nification (400X) and low magnification 
(40X). The piece was next sanded and 
repolished in a bath of different acid con¬ 
centration, but the same anode potential 
was used, and other conditions were 
maintained the same, as much as possi¬ 
ble. The resulting polish looked appar¬ 
ently the same as the preceding polish, 
at both high and low magnifications, so 
this was an indication that electropolish¬ 
ing might be duplicated by controlling 
the anodic potential of the specimen. 

The polishing was then repeated, using 
different combinations of large or small 
specimens, dilute or more concentrated 
electrolytes, large or small cathodes, with 
or without agitation of the bath, and 
varied distances between electrodes. (The 
electrode spacings varied from 2 cm. to 
5 cm.) In each trial, the anode potential 
was kept the same, and as a result, near¬ 
ly all of the polishes obtained had the 
same appearance. 

In order to compare the current-bath 
voltage curves with the current-anode 
potential curves, these observations were 
made under the different polishing condi¬ 
tions also. An interesting result was that 
gassing started on the specimen at the 
same anode potential, regardless of the 
variables such as solution cencentration, 
anode size, cathode distance from the 
anode, etc. 

As a result of the observations made 
during the investigation, three conclu¬ 
sions are warranted: 

(1) The reproduction of polished sur¬ 
faces is consistently possible by control¬ 
ling the anode potential during electro¬ 
lytic polishing of metals. 

This statement is further justified by 
the fact that many investigators of elec¬ 
tropolishing have reported that the best 
surfaces are obtained at bath voltages 
slightly under that at which oxygen is 
evolved on the specimen; as stated before, 
the anode potential is always the same at 
this point, regardless of the many varia- 
bles listed. 

(2) The best anodic potential for pol¬ 
ishing a 70 per cent copper-30 per cent 
zinc brass in orthophosphoric acid solu¬ 
tion is in the range of 1.00-1.25 volts, 
with the higher voltage preferred. 

(3) It is probable that each metal and 
alloy has an anodic potential range in 
which a specimen is polished with best 
results. 

It would seem desirable, therefore, to 
determine the most satisfactory potential 
for each metal. If this is done, then 
electrolytic polishing will give consistent 
results, and a wider application in metal- 
lographic technique should be possible. 
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SOME PHYSICAL PROPERTIES OF POWDERED 
IRON COMPACTS 

Frank A. Rough and Earl J. Eckel* 

University of Illinois, Urbana 

Powder metallurgy may provide a 
luick, economical means of fabricating 
)arts which are difficult and costly to 
iroduce by ordinary methods. By com- 
jacting the powdered metal under pres- 
;ure and annealing at a temperature well 
jelow the melting point to give the com¬ 
pact added strength, it is possible to pro- 
luce a finished machine part within fair- 
y close tolerances without once resort¬ 
ing to machining. These parts may be 
subjected then to “coining” where close 
tolerances are required. This operation 
consists of repressing in a die. It gives 
added strength due to cold work, and 
improves the surface finish. This powder 
method is, therefore, particularly advan¬ 
tageous in producing small parts which 
are difficult and expensive to machine. 

The purpose of this experiment is to 
determine how some of the properties of 
a hydrogen reduced iron powder will 
vary with varying conditions of briquet¬ 
ting and annealing, and to determine, if 
possible, why these changes in properties 

occur. 
The powder used was produced by 

Metals Disintegrating Company, Inc., 
and is made from artificially produced 
iron oxide which is reduced with pure 
hydrogen. Chemically, it will run about 
0.35 per cent manganese, 0.06 per cent 
carbon, 1.25 -per cent oxygen, the balance 
being substantially iron. This powder 
was furnished in four particle sizes. The 
sizes ranged from minus 325-mesh to a 
minus 100 plus 150-mesh. 

One quarter of one per cent of stearic 
acid was mixed in the powder as a lubri¬ 
cant, and samples weighing approximate¬ 
ly 0.85 grams were pressed in a simple 
two-way compression die at pressures of 
26,000, 53,000, and 80,000 pounds per 
square inch. The compacts thus produced 
were 0.314 inches in diameter and ap¬ 
proximately one-eighth of an inch in 
length. 

In this experiment, the quantity of 
metal used was measured by weighing; 
but in industrial applications, the powder 
is measured by volume. Therefore, it is 
necessary to know the flow density of the 
material. The flow density was deter¬ 
mined, and was found to increase with 
increasing particle size. This is due to 
the greater irregularity of the shape of 
the fine particles, and to the larger 
amount of rough surface of the fine 
powder for a given weight of metal, thus 
reducing the close contact. 

After pressing, the compacts were 
measured, weighed, and annealed in an 
electric furnace using a commercial hy¬ 
drogen atmosphere. This was done at 
2000 and 2200 degrees Fahrenheit, time 
at temperature being one minute, 15 min¬ 
utes, 45 minutes, and 180 minutes. After 
cooling in hydrogen, the compacts were 
measured again, and a Rockwell H hard¬ 
ness was determined for each compact. 

For each treatment given the com¬ 
pacts, three samples were used. One from 
each group of three was selected, mount¬ 
ed, polished, and examined microscopi¬ 

cally. 
The compressibility of the powders was 

determined by weighting, measuring the 
length of the compacts, and computing 
their lengths to a base weight of 0.8500 
grams. Compressibility was found to in¬ 
crease: (1) With increased briquetting 
pressure; (2) with increased particle 

size. 
After pressing, the compacts have 

some strength due to cold welding of the 
particles. This strength is increased with 
increased briquetting pressure. This in¬ 
crease is due, essentially, to increased 
area of contact between particles. Lon¬ 
don states that increased contact is effect¬ 

ed by: 
(1) The breakdown of “bridging” and 

the movement of particles into voids of 
packed masses to reduce porosity thereof; 

♦Senior in metallurgical engineering and instructor in metallurgical engineering, respectively, De¬ 
partment of Mining and Metallurgical Engineering, University of Illinois, Urbana, Illinois. 
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(2) the deformation of particles to con¬ 
form with the internal irregularities of 
packed configurations of particle bound¬ 
aries, so that particles may key one into 
the other; (3) the reduction of inter¬ 
particle voids by ironing out of surface 
roughnesses of particles. 

Oxide, which is believed to be Fe304, is 
present in the powder before annealing 
due to incomplete reduction of the oxide 
during the manufacture of the powder. 
Since large particles require more time 
for reduction than do small particles, 
more oxide is contained in the coarse 
powder. This oxide is distributed ran¬ 
domly throughout the structure, and is 
not broken up by briquetting at high 
pressure. Annealing caused the Fe304 to 
be reduced with hydrogen, forming water 
vapor. A new oxide, believed to be FeO, 
was formed in the voids by reoxidation. 
This change is hastened by increased 
temperature. The FeO is then gradually 
removed at a rate that increases with 
increase in temperature. Removal of the 
FeO is also faster in a more dense com¬ 
pact. This is believed to be due to the 
decreased surface offered for reoxidation. 

Annealing of the compacts causes them 
to shrink. This is accomplished by clos¬ 
ing up of the voids due to surface ten¬ 
sion, while the metal is in a plastic con¬ 
dition. Generally speaking, shrinkage is 
increased by the following: (1) Increased 
time at temperature; (2) increased tem¬ 
perature of annealing; (3) decreased 
briquetting pressure. Axial shrinkage is 
consistently greater than radial shrink¬ 
age. 

A fine grain structure exists in the 
metal after one minute at annealing tem¬ 
perature. Longer time at temperature 
caused coalescence of the grains until a 
limiting grain size was reached. The 
grain size is reached in less time at the 
higher temperature, and is essentially 
the same at 2000 and 2200 degrees Fahr¬ 
enheit. Decreased particle size of the 
powder and decreased briquetting pres¬ 
sure tend to decrease the limiting grain 
size. 

The hardness after annealing was gen¬ 
erally increased by the following: (1) 
Increased time at annealing temperature; 
(2) increased briquetting pressure; (3) 
increased annealing temperature, except 
at short times at temperature; (4) in¬ 
creased particle size of the powder. This 
last was true except for the finest pow¬ 
der, minus 325 mesh, where the effect of 
shrinkage was enough to increase the 
density sufficiently to cause it to have the 
highest hardness of the powders tested. 
Generally, the hardness values corre¬ 
spond to density values such that in¬ 
creased density was accompanied by a 
higher hardness. 

In industrial applications, mixes of 
powders are generally used, and are 
cheaper in price than powders of one 
particle size, because the manufacturer 
cannot afford to sell one powder and have 
no market for the other. 

It was desired to run tests using mixes 
of powders in an effort to find a mix 
which would give the least possible 
shrinkage in combination with maximum 
hardness. This would be accomplished 
by mixing a coarse powder and a fine 
one, so that the fine powder would fill 
the voids between the coarse particles. 
However, enough time was not available 
to do this work. 

The most desirable properties, low 
shrinkage and high hardness, are obtain¬ 
able using high briquetting pressure, but 
ordinarily, die wear will limit industrial 
applications to about 600,000 pounds per 
square inch. Low shrinkage is desired, 
because more variation is inherent where 
shrinkage is high, and tolerances would 
be more difficult to meet. Allowable 
shrinkage is limited by the design of the 
part to be made, the tolerances to be met, 
and whether the part is to be “coined” 
after sintering. 

It is necessary, then, in commercial 
practice to select the briquetting pres¬ 
sure, and annealing time and tempera¬ 
ture, which would give the best balance 
between desirable and undesirable prop¬ 
erties for those particular parts which 
are to be manufactured. 
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MINERAL CONTENT IN FRUIT JUICES 
Georgene Pranger 

College of St. Francis, Joliet, Illinois 

According to Sherman in “Chemistry 
| f Food Nutrition,” mineral or inorganic 
lements are those elements which are 
ound to remain either wholly or largely 
n the ash of food materials when the 

I atter are burned in the air.1 
The mineral elements in the body that 

ire of great importance are calcium, iron 
md phosphorus. 

! The general functions of the mineral 
j lements in the body are threefold: 

(1) As constituents of the bones and 
;eeth, giving rigidity and relative perma¬ 
nence to the skeletal tissues, as the ele- 

! nents calcium and phosphorus. 

(2) As essential elements of the or- 
i ?anic compounds which are the chief solid 
j ;onstituents of the soft tissues (muscles, 
flood cells). Both iron and phosphorus 
nay come under this function. 

(2) As soluble salts (electrolytes) 
jneld in solution in the fluids of the body, 
giving these fluids their characteristic 
nfluence upon the elasticity and irrita- 
3ility of muscle and nerve, supplying the 
material for the acidity or alkalinity of 
the digestive juices and other secretions, 
and yet maintaining the approximate 
neutrality of the body’s fluids as well as 
their osmotic pressure and solvent pow¬ 
er.1 

Calcium constitutes a larger propor¬ 
tion of the body weight than does any 
other of the “inorganic” elements. The 
“ordinary mixed diet” of Americans and 
Europeans, at least among dwellers in 
cities and towns, is probably more defi¬ 
cient in calcium than any other chemical 
element. 

Although the amount of iron contained 
! in the body is small—hardly one tenth 
of an ounce in the entire body of a full 
grown person or about 0.004 per cent— 
its functions are of the highest impor¬ 
tance. Iron stands in the closest possible 
relation to the fundamental processes of 
nutrition. Although iron occurs in meats 
(the muscle part) eggs, milk, grain prod¬ 
ucts, vegetables and fruits, we will stress 

j its presence in fruit juices. 

Phosphates are utilized in maintaining 
the acid-base balance of the blood and 
in the synthesis of important cell con¬ 
stituents. 

It has been found in the experiments 
of Sherman and Howley that a child 
needs for optimal growth and develop¬ 
ment about one and one half times as 
much phosphorus as is needed by a full 
grown man for maintenance. 

In our problem, we determined by vari¬ 
ous methods, the nutritive content of 
fruit juices in regard to the amount of 
calcium, iron, and phosphorus they con¬ 
tained. The fruit juices tested were to¬ 
mato, orange, grapefruit, and pineapple. 
The results have been checked with 
“Chemistry of Food and Nutrition” by 
Sherman and also data supplied by the 
United States Department of Agricul¬ 
ture, Bureau of Home Economics. 

Mineral Content of Fruit Juices 
(per cent) 

JUICES Ca P Fe 

Tomato. 0.006 0.015 
Orange. 0.029 0.016 0.00024 
Grapefruit. 0.015 0.014 0.00023 
Pineapple. 0.015 0.021 0.00025 

Calcium was determined gravitimetri- 
cally by the oxalate method, phosphorus, 
volumetrically by the molybdate method, 
and iron was determined colorimetrically. 

Even though the percentages of iron 
are comparatively small, when we re¬ 
member the small amount or iron in the 
body (tenth of an ounce) we can see that 
the appreciable amount of iron in juices 
would be a big help in supplying the 
iron content for the body. 

Present day nutrition, it has been said, 
offers an extra ten years to the life of 
anyone who lives under its guidance.2 
Since the war and food rationing has 
begun, constant efforts have been made 
to maintain the proper diet containing 
the necessary vitamins and minerals. 

Food fads and follies have been ex¬ 
posed. Journals have been trying to tell 
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the story of good nutrition from every 
possible point of view yet regardless of 
every effort that can be made, there are 
great numbers of Americans who still 
eat much more from the point of view 
of appetite than of foods necessary to 
health and growth. 

To summarize briefly this report on the 
nutritive content of fruit juices, we con¬ 
clude that both vitamin C and the min¬ 
erals calcium, iron and phosphorus are 
present in tomato, orange, pineapple and 
grapefruit juices. 

We know now that Vitamin C not onl> 

protects us from scurvy but has impor¬ 

tant functions also in normal nutritior 

and in maintenance of a high level of 

positive health. The minerals may alsc 

be included under the phrase—“necessary 

for normal nutrition.” 
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VITAMIN C CONTENT IN FRUIT JUICES 
Edith Walder 

College of St. Francis, Joliet, Illinois 

This discussion will cover the nutritive 
value of some common fruit juices from 
the standpoint of vitamin and mineral 
content. 

Fruit juices are defined as “the fluid 
content of fruit.”1 

Vitamins are “any of a group of con¬ 
stituents of most foods in their natural 
state of which very small quantities are 
essential for the normal nutrition of ani¬ 
mals and possibly of plants. Six distinct 
vitamins are known.”1 

A recognition of the antiscorbutic 
property of some foods led to the isola¬ 
tion and later synthesis of vitamin C. 
It came to be called the antiscorbutic 
vitamin, water-soluble C, and most com¬ 
monly vitamin C. 

From all that is given in literature 
as a result of extensive research, vitamin 
C not only protects from scurvy but has 
important functions also in normal nutri¬ 
tion and in the maintenance of a high 
level of positive health. 

If vitamin C is so important for normal 
nutrition the questions naturally follow: 
What is vitamin C? How do we know we 
have it? Where can it be obtained? Is 
vitamin C destructible and how much is 
required for an average person? 

Vitamin C is a vitamin called ascorbic 
acid. 

Vitamin C can be detected by reduc¬ 
tion-oxidation reactions and its detection 
can be made iodimetrically due to its ease 
of oxidation. Because of the unsatura¬ 
tion of ascorbic acid it is easly oxidized 

and therefore the vitamin C value of 
food, especially fruit juices, deteriorates 
upon standing (oxidation of air). 

The best sources for this vitamin are 
asparagus, oranges, lemons, grapefruit, 
raw cabbage, tomatoes, spinach and po¬ 
tatoes.2 

From a series of studies the National 
Nutrition Conference set 75 mg. daily 
as the requirement.3 

The following are a result of our in¬ 
vestigation : 

Vitamin C Content in 
mg./lOO ml. 

Juices. . . Fresh A.R.° Canned 
Grapefruit. . . . . .56 47 
Orange. . . .72 65 33 
Tomato. 20 30 
Pineapple. . . . . . .50 35 10 

0 After Refrigeration 

These values have been checked with 
with the publication issued by the United 
States Department of Agriculture. Our 
results are higher, perhaps due to the 
fact that vitamin C is regenerated by re¬ 
ducing agents, such as hydrogen sulfide, 
which is usually present in the labora¬ 
tory. 

BIBLIOGRAPHY 

1. Webster’s Collegiate Dictionary—Fifth Edi¬ 
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2. Sherman, Chemistry of Food and Nutrition, 
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3. What’s New in Home Economics, Feb. 1943, 
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MYOPIA—ACQUIRED AND HEREDITARY 
Eli Antzis 

Loyola University, 

If the parallel rays of light come to 
m exact focus on the retina, the refrac¬ 
tive index is that of a normal eye. But 
f the rays focus in front of the retina, 
ive have a condition known as near-sight- 
3dness or myopia. Therefore, we can say 
that myopia is a name applied to the 
refraction of an eye in which there is a 
focus of parallel rays in front of the 

retina. 

Types.—Myopia is divided into two 
types, axial and refractive. Axial myopia 
is due to the elongation of the posterior 
segment causing the retina to be pushed 
back, thus the converging rays focus in 
front of the retina. Accommodation of 
the eye for near and distant vision is 
made possible by virtue of the elastic 
nature of the lens under the control of 
the ciliary muscle and the suspensory 
ligament. The lens must change shape 
so as to converge all rays of light exactly 
on the retina. Thus, when the ciliary 
muscle contracts, it causes the ciliary 
process to approach the lens and the 
suspensory ligament to relax, so the lens 
rounds up, as is necessary for near 
vision; conversely, when accommodating 
the eye for distant vision, the ciliary 
muscle is relaxed, the ligament becomes 
tense and the lens flattens. 

Constant contraction of the ciliary 
muscle not only tends to drag the walls 
of the eye towards the axis, but also by 
slightly compressing the contents to force 
the cornea and fundus further apart, and 
so of itself creates an axial myopia out 
of that which has so far been refractive.1 

Unless the tissues in the posterior sec¬ 

tion of the eye are loosened by disease, 
elongation will not occur. But if the 
above conditions are satisfied, and soften¬ 
ing has resulted, elongation will take 
place, thus causing myopia. Myopic 
staphyloma is a bulge which forms when 
the posterior pole pushes back deeper in¬ 

to the orbit. 

Refractive myopia occurs when there 
is a change in the refractive power of the 
media. The anomalies in the refracting 

Chicago, Illinois 

power causing myopia are as follows: 
(1) an abnormal convexity in the cornea 
with a consequent increase in its refrac¬ 
tion; (2) spasm of the ciliary muscle by 
aid of which the lens becomes abnormally 
convex causing an increase in refraction; 
(3) the error produced by an improper 
curve which thereby alters the total re¬ 
fracting power of the media.2 

Progress.—We can classify myopia as to 
the rate it might progress. If, during a 
period of years, the condition of myopia 
does not vary to any considerable degree, 
the condition is known as static or sta¬ 
tionary myopia. But if the condition 
takes a turn for the worse and staphy¬ 
loma and changes in the retina and 
chlorioid take place, causing an increase 
in myopia, we have a condition known as 

progressive myopia. 

If the rays come to a focus before 
reaching the retina due to some defect 
which occurs after birth, the resulting 
condition is termed acquired myopia. 
This includes the influence of the rate of 
contraction on fatigue and the recovery 
of the ciliary muscle. The following is 
a result of a physiological experiment 
which I performed at Loyola University: 
“Upon the application of an electrical 
stimulus to a muscle, periods of latency, 
contraction, and relaxation occur. The 
intensity of the stimulus magnifies the 
magnitude of muscular response. When 
the strength of the electrical current is 
increased, the magnitude of the muscle 
contraction increases. By stimulating the 
muscle through a series of electrical 
shocks, the muscle fatigues because the 
products of oxidation in the muscle fibers 
are carried away more slowly by the 
circulatory fluid. During fatigue, the 
latent, contraction, and relaxation peri¬ 
ods are all increased. The degree of 
relaxation decreases rapidly till partial 

tetanus occurs.” 

The muscles of convergence, through 
hyperstimulation and lack of relaxation 
periods at periodic intervals, with an 
increase in the amount of exudate re- 
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Fig. 1 .—A familial study in Myopia. 

CHART A— 

1—the dominence of Myopia in this family is clearly shown in the third and fourth generations. 

(a) 3 of 5 children (marriage of II- 1 and 2) 
(b) 6 of 7 “ ( “ “ II- 8 and 9) 
(c) 2 of 2 “ ( “ “ 11-10 and 11) 
(d) 3 of 4 “ ( “ “ 11-12 and 13) 

(1) IV-36 is the turning point of the younger 
children. She has just become 7 years old. 

More definite conclusions can be drawn if these 

(e) 1 of 2 children (marriage of 11-14 and 15) 
(f) 2 of 2 “ ( “ “ III-35 and 36) 
(g) 3 of 3 “ ( “ “ III-37 and 38) 
(h) 2 of 2 “ ( “ “ III—41 and 42) 

IV-23, 24, 25, 26, 39, 40 / are all under 6 years of 
V—1, 2, 3 ^ age. 

children are followed through. 

CHART B— 

1—follow through the generations which result from 1-1 and 2. Conclusion: Myopia may be acquired 
and definitely may be inherited. 

(a) 1 of 2 children (marriage of 1-1 and 2) (d) 1 of 2 children (marriage of III-4 and 5) 
(b) 2 of 7 “ ( “ “ II—1 and 2) IV—3, 4, 5, 6 are under 7 years of age. 
(c) 5 of 6 “ ( “ “ 11-3 and 4) 

maining in the muscle fibers, is found 
exactly as was described in the above 
physiological experiment. Functional or 
false myopia is thus produced and is 
considered the accumulative effect of sev¬ 
eral years. 

False myopia is due to a hypertonicity 
sent to the ciliary. This causes the cilia 
muscles to flex or contract. This contrac¬ 
tion causes an overconvexity of the crys¬ 
talline lens, and light passing through 
a lens in such a condition is brought to a 
focus anterior to the retina. The light, 
by the time it reaches the retina is di¬ 
vergent, having crossed at the focal point 
in front of the retina. This is hastily 
called myopia,3 although actually it is 
pseudo-myopia. All persons, especially 
children, who read a book held about 
4-5 inches from the eyes, develop hyper¬ 
tonicity of the ciliary muscles. Because 
of the nearness of the book, hypertonicity 
of the internal recti muscles occurs, caus¬ 
ing a convergent effort in excess to that 
which is necessary when the book is held 

the normal distance (12-18 inches) from 
the eyes. Accompanying the excessive 
convergent effort is excessive accommo¬ 
dation. In a short period of time, this 
will become a habit. The muscles go into 
a state of partial tetanus, and now the 
person must necessarily hold the book 4-5 
inches from his eyes. This is a pseudo 
condition due to constant hypertonicity 
of the internal recti muscles which con¬ 
trol convergence, and the ciliary muscles 
which affect accommodation. This can be 
relieved by resting the eyes for a short 
period of time; the wastes will be slowly 
carried away, and then the muscles will 
return from a state of partial tetanus to 
normal. 

Theories.—The eye muscles are supplied 
by nerves from the parasympathetic 
(craniosacral) system. These nerves also 
control the visceral organs. Because of 
this mutual connection, a disturbance of 
these organs will cause the convergence- 
accommodation ratio to be disturbed. 
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his is the outstanding theory on ac- 

uired myopia. 
Another causative agent is endocrine 

land disturbance. The development of 
tie secondary sex characteristics at pu- 
erty causes hormonal secretion into the 
lood. It is possible that this secretion 
rould affect the ocular mechanism to 
ause some degree of functional myopia. 

Heredity.—The eye at birth is hyper- 
pic or far-sighted, and lacking in ciliary 
onus. As development takes place, there 
3 a physiological process of developing 
onus in the ciliary muscles. Normally 
mmetropia is produced when the two 

processes are equalized, and the ciliary 
onus is adjusted to focus light rays 
xactly on the retina. As development 

continues, extreme length of the eyeball 
or excessive curvature of the cornea may 
occur, thus causing myopia. These two 
causes are thought to be hereditary. Dr. 
L. H. Snyder says, “In high myopia, some 
families fulfill the requirements for the 
dependence of the trait upon a recessive 
gene. In those cases, it is usually found 
that there is undue length of the globe. 
In other families, the myopia is cor¬ 
related with excessive curvature of the 
cornea, and here we find evidence that 
the factor for high myopia is dominant.” 

BIBLIOGRAPHY 

1. Refraction and Motility of the Eye—Alger. 

3. The Genothalmic Forum, Sept., 1929—Dr. G. 
D. Oertel. 

EFFECTS OF TOBACCO SMOKE UPON MICE 
Arthur T. Janecke and Kenneth S. Fitzgerald 

Loyola University, Chicago, Illinois 

Bogen1 states that under ordinary con- 
litions many competent observers have 
‘ailed to note any deleterious effects from 
he use of cigarettes. Also from our own 
general observations it would appear 
hat moderate cigarette smoking has no 
Dad effect in normally healthy women. 
However, because some women realize 
hat it is a mother’s duty to bear her 
ehild not only alive, but also healthy, 
and because smoking may have a harm¬ 
ful effect upon the course of pregnancy, 
a popular question has arisen: “What 
are the effects of cigarette smoking in a 
pregnant woman?” 

Viewpoints by laymen and members 
of the medical profession on the numer¬ 
ous questions involved are decided, but 
yet conflicting, and are unsupported by 
experimental or statistical data. Upon 
reviewing the literature of the relatively 
few experiments performed in an effort 
to answer these questions we encountered 
many limitations: Primarily, the number 
of studies on this subject is relatively 
small. Secondly, the findings of the vari¬ 
ous authors are too contradictory to per¬ 
mit the drawing of reliable conclusions. 
Finally, in too many instances, the num¬ 
ber of animals used in the experiments 
were too small to gain convincing results. 

After considering all these facts the 
only conclusion we can possibly reach is 
that the tobacco problem has not been 
studied sufficiently, and that it may prove 
more serious than is generally recog¬ 

nized. 
In most of the experiments that were 

performed to determine the effects of 
tobacco smoking, injections of pure nico¬ 
tine were used. It was not intended that 
the effects of injected nicotine be con¬ 
sidered the same as those of smoking, but 
because nicotine is the most potent poison 
in the tobacco leaf, it was for this reason 
that nicotine alone was studied. A sum¬ 
mary of some of the results obtained by 
this method is as follows: 

Hatcher & Crosby2 have demonstrated 
that lactating mothers secrete a sufficient 
amount of nicotine into their milk to 
cause a severe case of nicotine poisoning 

in their offspring. 
Edmunds3 reports that young animals 

were more susceptible to nicotine than 
older ones. This susceptibility resulted 
in most cases in death even after very 

mild doses. 
Allen, Behrend, & Thienes4 have found 

that while “control” animals showed an 
abundance of subcutaneous and intraperi- 
toneal adipose tissue, the nicotine injected 
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animals showed only a scanty amount of 
it. “Controls” of both sexes had as much 
as two times the amount of fat as did the 
nicotine injected animals. However, Dix¬ 
on & Lee5 because of experiments carried 
on at the University of Minnesota were 
opposed to the idea that nicotine had any 
effect upon the weight of the animals. 

According to Hazel E. Fields8 of Occi¬ 
dental College, California, who used the 
“smoking” technique exclusively, it was 
learned that experimental animals weigh 
less on a greater food intake, and that 
tobacco smoke apparently did not de¬ 
crease skeletal growth in young animals 
fed with an adequate diet. The adrenal 
glands of the smoked animals showed a 
very noticeable increase in weight prob¬ 
ably due to hypertrophy resulting from 
the oft-repeated, slow absorption of nico¬ 
tine in minute amounts from the musoca 
of the mouth and respiratory tract. Also, 
Miss Fields states that it is extremely 
unlikely that continued stimulation of 
adrenal medulla and cortex would not 

exert a considerable influence upon at 
least the pituitary and gonad. 

Perhaps the most conclusive results 
thus far obtained in work on pregnant 
animals were obtained by Dr. Essenburg1 
of Loyola University Medical School, Chi¬ 
cago. When performing his experiment 
he used at least seven times as many 
more animals as did any of the previous¬ 
ly mentioned experimenters. He used not 
only the nicotine injection technique, but 
also a smoking technique, after which 
our experiments were patterned. He not¬ 
ed that: 

Two thirds of all the young of treated 
mothers were underweight; the young 
from the nicotine-injected mothers being 
more underweight than those from the 
smoked mothers. This underweight group 
remained underweight during the entire 
period of observation, and many were not 
only underweight, but also died early. 

Of the females injected, 63.3% lost 
one or more young before weaning, and 
33.3% lost all of their young. 
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Of the mothers exposed to tobacco 
moke 28% lost one or more of their 
oung before weaning, and 13.5% lost 

11 of their young. 
Of the mothers smoked prior to mating 

ut not during pregnancy, 23.3% lost one 
r more of their young before weaning, 
nd 25% were underweight. In both 
;roups of the treated mothers, temporary 
terility, resorption of young in utero, 

,nd abortions were noted. 
Dr. Gerd Umbehaun, an eminent Ger- 

nan physician, by way of observation in 
lis many years of practice had noted 
hat women who smoke have lessened 
;econdary sexual characteristics. 

At Loyola University, Chicago, we are 
mdeavoring by experiment to observe 
;he effects of cigarette smoke on mice. 
We had chosen mice primarily because 
;hey were very readily available and be¬ 
cause of their rapid reproduction and de¬ 
velopment. Our experiments are planned 

to: 
1. Observe the effects of cigarette 

smoke on female mice from the time that 
they become independent of the parent, 
through their developing stages to adult¬ 
hood, during pregnancy, and the conse¬ 
quent effect on their offspring. 

2. Observe the effects of cigarette 
smoke on male mice from the time that 
they become independent of the parent, 
through their developing stages to adult¬ 
hood, noting especially their fertilizing 
ability and sexual instincts while being 

treated. 
3. Although the above mentioned two 

are our primary interests, certain other 
observations incidental to the experiment 
have been, and will be recorded. 

Some of the observations made during 
the short period of time this experiment 
has been in progress, agree in part with 
the observations made by experimenters 
using the nicotine-injection technique. 
Before stating some of our observations, 
those resulting from the nicotine-injec¬ 
tion technique are: excitations or con¬ 
vulsions, dyspnea accompanied by gnash¬ 
ing teeth, stiffening of the hind legs and 
tail, and other general reactions indicat¬ 
ing a reduced threshold of irritability. 

Regarding our experiment, the mice 
when in the smoking chamber were in 
general quiescent, seeming to avoid deep 
respiration by decreased activity. Only 
on few occasions, toward the latter part 

; of the smoking period, were the mice seen 

to make an effort to get out of the smok¬ 
ing chamber. For the first few smokings 
the animals were known to have slight 
nasal inflammation and teary eyes, as- 
sumingly because the smoke was espe¬ 
cially irritating. Although the stools 
were of the same general appearance 
and there was no outward evidence of 
gastro-intestinal disturbances increased 
defecation occurred, but gradually de¬ 
creased as the animal became more accus¬ 
tomed to the smoke. Sexual interest and 
instinct does not express itself during 
the smoking and immediately following 
the smoking. A seemingly painful breath¬ 
ing, accompanied by slight wheezing 
noises, becomes noticeable toward the end 
of a smoking. Contrary to the results 
obtained by Miss Fields of Occidental 
College, California, who noted that both 
qualitatively and quantitatively the 
smoked animals were more active for a 
period of 15 minutes to IV2 hours follow¬ 
ing a smoking, we have noticed that the 
smoked mice remain exceedingly inactive 
during the period immediately following 
the smoking. During this period, sexual 
interest is lacking, and the desire for 
food, in spite of their hunger, is lacking. 
Throughout this entire period the mouse 
lies on its ventral surface, breathing 
at a normal rate, but showing a very 
reduced threshold of irritability. 

Up to date three rather unique reac¬ 
tions were given by three experimental 
animals—two females, one of which was 
pregnant at the time, and one male. 
After 10 and 9 smokings respectively, 
the animals fell into a state of convulsion 
lasting from 2 to 5 minutes, during the 
early part of which there was no reaction 
to stimuli, and a temporary paralysis of 
the entire pelvic region took place. Dur¬ 
ing the recovery period, as the animals 
made an effort to walk, progress was 
made in a lateral rather than a forward 
direction due to the position of the hind 

limbs clasped in paralysis. 

While it can always be said that results 
obtained upon one animal form cannot be 
transferred to another, nevertheless defi¬ 
nite results obtained in the mouse have 
a very high probability of holding true 
in some degree for man. By means of a 
system devised by my colleague, Kenneth 
Fitzgerald, we have determined the 
length of time a mouse would have to be 
subjected to smoke in order to bring 
about effects which would be equivalent 
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to effects produced in a human who 
smokes twenty-five cigarettes a day. See 
figure 1. 

The moist surfaces, such as the hair 
under the mouth which frequently be¬ 
come wet with saliva, tend to collect the 
particles in the smoke. The mice ingest 
these substances in their vigorous clean¬ 
ing processes following the smokings. 
Therefore, we may say that the animals 
may actually swallow as much of the 
material as does the human smoker when 
his mouth is in contact with the pipe or 
the cigarette. However, again we have 
absolutely no quantitative means of com¬ 
parison here. 

You may wonder whether our dosage 
and mechanical smoking technique ade¬ 
quately imitates human’s smokings. Al¬ 
though this is a debatable question the 
factors involved justify our making an 
analogy between mice and men. In end¬ 
ing, may we once again emphasize the 

fact that we realize the results obtained 
on mice cannot be transferred directly 
to the human, but the essential result^ 
obtained will challenge our own recon¬ 
sideration of the problem. 
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ANNOUNCEMENTS 
Authors who submit manuscripts for considera- 

i by the publication committee for the 1944 
nsactions must leave them with the Section 
iirmen on or before May 5. Manuscripts must 
“in final form, typed double space with a dark 
>on, and not longer than 12,000 words, includ- 

allowance for tables and illustrations. This 
simum length amounts to 20 printed pages. A 
-page illustration or table is equivalent to 600 

•ds of manuscript. 

The first line beneath the title should give the 
hors name, and the second should give his 
ool and/or town. The address to which proof 
o be sent should appear at the end of the article, 
he author will not be able to read proof he should 

specify an alternate who will be responsible for 
reading it. 

Inasmuch as the Academy does not have funds 
for preparing illustrations, all drawings, charts, 
and special formulae (chemists and physicists 
please note) must be submitted in India ink about 
twice the size of the final or printed size. Photo¬ 
graphs should be glossy prints (no photostats can 
be used). Each illustration should be mounted on 
a separate sheet with title or figure number typed 
beneath it. 

The Academy publishes only papers presented 
by its members. Membership is open to all persons 
in Illinois who are interested in science. Applica¬ 
tion for membership may be submitted to the mem¬ 
bership chairman. 

Requests for research grants from the American Association for the Ad- 
ncement of Science are received each year up to April 24, and recipients are 
nounced at the May meeting. The chairman of the Research Grants Committee 
r the current year is Carl G. Hartman, Department of Zoology, University of 

inois, Urbana. _ 

junior Academy of Science Projects, Marie Sauber in charge, are on display 

Room 322. 
Local Exhibits, main corridor and hall of first floor of Science Building. 
Exhibits of Supply Firms, Rooms 113, 110, and 123. 
The Chemistry group and the Social Science group will meet at special 

ncheons on Friday. See General Program. 

SATURDAY MORNING TRIPS 
[) DeKalb Agricultural Association (International Tabulating Machines) ; 
J) DeKalb Commercial Body Corporation; (3) Cyclone Fence Company; 
1) Nehring Electrical Works. 

Time will permit a choice of two out of four. Members and guests are 
I ged to indicate their choice in advance so that transportation may be arranged. 

DeKalb is full of war industries which are taxing all housing and eating 
cilities. Please send in all reservations before April 21. 

SECTION CHAIRMEN 

GRICULTURE: C. J. BADGER, Illinois Agricultural Experiment Station, 
Mt. Vernon. 

NTHROPOLOGY: DONALD E. WRAY, 604 Caroline Street, Peoria. 
OTANY: L. WALLACE MILLER, Illinois State Normal University, Normal. 
HEMISTRY: C. W. BENNETT, Western Illinois State Teachers College, 

Macomb. 
EOGRAPHY: HARRY L. ADAMS, Bloomington High School, Bloomington. 
EOLOGY: A. H. BELL, Illinois State Geological Survey, Urbana. 
HYSICS : K. G. LARSON, Augustana College, Rock Island. 
SYCHOLOGY AND EDUCATION: ISABEL C. STEWART, MacMurray 

College, Jacksonville. 
OCIAL SCIENCE: GRACE M. JAFFE, 628 Garrett Place, Evanston. 
OOLOGY: CHARLES S. SPOONER, Eastern Illinois State Teachers College, 

Charleston. 
All Meetings. Except the Annual Lecture. Will Be Held in the Science Building. 
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GENERAL PROGRAM 

DeKalb, Illinois, May 5-6, 1944 

ALL ADDRESSES AND SECTION MEETINGS ARE OPEN TO THE PUBLI 

All Meetings Except the Annual Lecture Will Be Held in the Science Building. 

Thursday, May 4, 8 :00 p. m., Council meeting. _Room 226. 

FRIDAY, MAY 5 

8 ;00 a. m. Registration by all members and guests. Secure tickets which you ha\j 

reserved for luncheon and banquet; register for Saturday morning trip 
Room 111. 

8 :45 a. m. Preliminary Business Meeting of the Academy for all members. Appoin 

ment of nominations, resolutions, and auditing committees. 
Room 309. 

9:30 a. m. General Session. Room 309. 

Welcome by Karl L. Adams, President of Northern Illinois State Teacher 
College. 

Academy Presdential Address: “Researches in Life Histories of ParasitJ 

of Wildlife,” by Lyell J. Thomas, University of Illinois, Urbana. 

Lecture: “The Natural and Unnatural History of the Opossum,” by Cal 

G. Hartman, Head of the Department of Zoology, University of Ulinoii 
Urbana. 

12 :30 p, m. General Luncheon. (65 cents), Room 227. 

Chemistry Luncheon. (65 cents), Room 209. 

Social Science Luncheon (65 cents), Room 210. 

Call for luncheon tickets at time of registration. 
I :30—4 :30 p. m. Section Meetings. 

5;00—5:30 p. m. Annual Business Meeting of the Academy for all member 
Room 309. 

6:30 p. m. Annual Banquet for all Academy members and guests. Announcement 

of A. A. A. S. research awards. 

Williston Hall, $1.65 per plate. Call for tickets by 10:30 a. m., 

May 5 at Registration desk, Room 117. 

8:15 p. m. Annual Lecture for members, guests, and the general public. 

“Intravascular Precipitation and Agglutination of the Blood and Conse 

quent Interference with Circulation,” by Dr. Melvin H. Knisely, Deparl 

ment of Anatomy, University of Chicago. 

College Auditorium. 

SATURDAY, MAY 6 

8 :45 a. m. Meeting of the Council for 1944-45. Room 226. 

9:30 and 10:30 a. m. Anuual Trips. Four trips, all within DeKalb have beei 

arranged so that one person may see two plants. 

1 DeKalb Agricultural Association (International Tabulating Ma 

chines). 
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2 DeKalb Commercial Body Corporation. 

3 Cyclone Fence Company. 

4 Nehring Electrical Works. 
Please indicate choices at reservation desk Friday morning. Transporta¬ 

tion will be provided if requested in advance. 

AGRICULTURE—ROOM 209 

Chairman: C. J. Badger, Illinois Agricultural Experiment Station, Mt. Vernon 

action of Chairman for 1944-45. 
Effect of Simulated Hail Damage on the Yield of Soybeans. 

Robert F. Fulleman, Agronomy Department, University of Illinois. 

(15 min.) 
Yields from Single-Plant Hills versus Multiple-Plant Hills at the same Popula¬ 

tion of Corn Plants per Acre. 
G. H. Dungan, Agronomy Department, University of Illinois. (Slides, 

20 min.) 

Illinois’ Forest Future 
J. Nelson Spaeth, Forestry Department, University of Illinois. (Slides, 

20 min.) 
Some Developments of Wartime Agricultural Production in Illinois. 

O. L. Whalin, Agricultural Extension Department, University of Illinois. 

(15 min.) 

ANTHROPOLOGY—ROOM 114 

Chairman: Donald E. Wray, 604 Caroline Street, Peoria 

| ection of Chairman for 1944-45. 

Possible Sources of the Flint and Chert used by Makers of Projectile Points 

found in the Peoria Area. 
Harry L. Spooner, Peoria, Ill. (15 min.) 

Local Indian Collections of the Pere Marquette Region, Calhoun and Jersey 

Counties. 
George M. Link, Grafton, Ill. (20 min.) 

; The Cherokee Trek across Illinois. 
Sarah Louise Davis, Champaign, Ill. (15 min.) 

Nose Plugs from Northern Arizona. 
John C. McGregor, Illinois State Museum, Springfield. (15 min.) 

• Discussion of the Middle Woodland Cultures. 
Richard McNeish, University of Chicago. (15 min.) 

» New Evidence from the Fisher Site. 
John Wallace Griffin, University of Chicago. (15 min.) 

The Ranch Site. 
A. M. Simpson, Peoria, Ill. (Slides, 10 min.) 

! More Data on Clear Lake Village. 
E. Schoenbeck, Peoria, Ill. (15 min.) 
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BOTANY—ROOM 305 
Chairman: L. W. Miller, Illinois State Normal University, Normal, Illinois 

Election of Chairman for 1944-45. 

1 Teaching the Significance of Photosynthesis. 

Neil E. Stevens, University of Illinois. (10 min.) 

2 Personal Characteristics of Some Well Known Botanists. 

Neil E. Stevens, University of Illinois. (Slides, 10 min.) 

3 Eastern White Pine as a Timber Tree in Illinois. 

Ralph W. Lorenz, University of Illinois. (Slides, 20 min.) 

4 A Program to Encourage the Development and Regeneration of Pinus strobus a 
White Pines Forest State Park. 

Alice L. Hills, Oregon. (Slides, 20 min.) 

5 Biology in Educational Programs, Now and After the War. 

C. E. Montgomery, DeKalb. (15 min.) 

6 Practical Method of Fungicide Testing in the Laboratory. 

J. E. Young, Normal. (15 min.) 

7 A Virus Disease of the Common Coleus. 

D. B. Creager, State Natural History Survey, Urbana. (Slides, 15 min.] 
8 Some Plants that are Rare in Illinois. 

George D. Fuller, University of Chicago. (10 min.) 

CHEMISTRY—ROOM 407 
Joint Meeting with the Illinois Association of Chemistry Teachers 

Chairman: C. W. Bennett, Western Illinois State Teachers College, Macomb 

Election of Chairman for 1944-45. 

1 Panel Discussion: Problem of Wartime Chemistry Teaching. (40 min.) 

a) University level. 

b) Teacher’s College. 

c) Liberal Arts College. 

d) High School. 

2 When or Where to Teach Valence and Why Then or There. 

Sister M. Joan Preising, College of St. Francis, Joliet. (10 min.) 

3 Testing of Ordnance Materials. 

M. W. Pratt, East Moline High School. (15 min.) 

4 The Meta Monohalogenated Benzotrifluorides. 

G. C. Finger and M. L. Kalinowski, State Geological Survey, Urbana 
(10 min.) 

5 The Degree of Polymerization of Polyethylenimine. 

Sister Mary Marguerite Christine, B. V. M., Mundelein College, Chicago. 
(15 min.) 

6 Petroleum and Processes for its Conservation. 

Gustav Egloff, Universal Oil Products Company, Chicago (Slides, 45 min.) 

7 Some Chemical Applications of the Electron Microscope. 

G. L. Clark, R. B. Fisher, and Dorothy Martin. (Slides, 20 min.) 
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GEOGRAPHY—ROOM 102 

Chairman: H. L. Adams, Bloomington High School, Bloomington 

lion of Chairman for 1944-45. 

Settlement Patterns of Illinois. 
John H. Garland, University of Illinois, Urbana. (20 min.) 

Is Our Climate Changing? 
H. O. Lathrop, Illinois State Normal University. (15 min.) 

The Sudbury Area, Ontario, Canada. 
Thomas Frank Barton, Southern Illinois State Normal, Carbondale. 

(15 min.) 
Reclamation of Strip Mine Spoil Bank Lands in Illinois. 

Leslie A. Holmes, Illinois State Normal University. (Slides, 20 min.) 

The White Australia Policy. 
Flemin W. Cox, Southern Illinois State Normal, Carbondale. (15 min.) 

GEOLOGY—ROOM 125 

Chairman: Alfred H. Bell, State Geological Survey, Urbana 

tion of Chairman for 1944-45. 

I Changing Water Levels in Lake Michigan and Shore Erosion. 
W. E. Powers, J. R. Ball, and E. C. Dapples, Narthwestern University, 

Evanston. (Slides, 15 min.) 

Mahomet Bedrock Valley in Central Illinois. 
C. Leland Horberg, State Geological Survey. (Slides, 15 min.) 

Geologic Aspects of the Mastodon Skeleton Found near Easton, Illinois. 

George E. Ekblaw, State Geological Survey. (Slides, 15 min.) 

An Occurrence of Granite in Pope County. 
J. Marvin Weller and Robert M. Grogan, State Geological Survey. 

(10 min.) 
| Geologic Mapping from Aerial Photographs. 

Harold R. Wanless, University of Illinois, Urbana. (Slides, 15 min.) 

Study of the Physical Analysis of Broken Coal in Terms of Banded Ingredients. 

B. C. Parks and H. L. Smith, State Geological Survey. (Slides, 10 min.) 

i Spore Analyses of the Upper McLeansboro Coals, Wabash County, Illinois. 

R. M. Kosanke, State Geological Survey. (Slides, 15 min.) 

9 Interpretation of Pennsylvanian Structure from Electric Logs in a Faulted 

Area in Eastern Gallatin County, Illinois. 
M. W. Pullen, Jr., State Geological Survey. (Slides, 10 min.) 

a Pennsylvanian Stratigraphy of Perry and Spencer Counties, Indiana. 
Donald W. Franklin, Ohio Oil Company (on leave of absence for military 

service). (Slides, 10 min.) 
I' The Comparison of Several Decorah Horizons in Northern Illinois. 

C. L. Bieber, North Central College, Naperville, Ill. (Slides, 10 min.) 
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11 Silica Gel and Geodes. 

Percival Robertson, Principia College, Elsah, Illinois. (15 min.) 

12 Rosiclare-Fredonia Contact in Hardin and Pope Counties, Illinois. 

Frank E. Tippie, State Geological Survey. (Slides, 10 min.) 

13 Sedimentation in the Pool Formed by Dam 15 on the Mississippi River 
Rock Island, Illinois. 

Troy L. Pewe, Augustana College, Rock Island. (15 min.) 

JUNIOR ACADEMY ROUND TABLE—ROOM 225 
Leader: Miss Jean Ross, Rockford College, Rockford 

The program will consist of a Round Table Discussion by all present on tl 
individual success of their projects. 

PHYSICS—ROOM 105 
Joint Session with the Chicago and Illinois Chapters of the American Association 

Physics Teachers 

Chairman, Physics Section: K. G. Larson, Augustana College, Rock Islar 

Secretary A. A. P. T.: W. H. Eller, Western Illinois State Teache 
College, Macomb 

Election of Chairman for 1944-45. 

Business Meeting. 

1 Evaluating Student Opinion of Physics Courses. 

Guenter Schwarz, University of Illinois, Urbana. 

2 Some Fundamental Concepts in Physics. 

R. F. Paton, University of Illinois, Urbana. 

3 Demonstration and Comments on the Transmission of Sound by a Light Bear 

Roy E. Anderson, Augustana College, Rock Island. 

PREMEDICAL EDUCATION SYMPOSIUM—ROOM 411 
For several years the Academy has been active in promoting better teacl 

ing methods and better preparation of college and university students for the scientil 

professional occupations. Because the medical profession absorbs a very large pr 

portion of the students trained in science, the Academy has maintained a Commits 

on Premedical Training. The results of this committee’s work are presented l 

members of the committee in this symposium. 

Chairman: C. I. Reed, University of Illinois College of Medicine, Chicago 
1 Introductory Remarks. 

C. I. Reed, Chairman. (10 min.) 

2 Deficiencies in Premedical Training. 

J. Roscoe Miller, Dean, Northwestern University Medical School. (40 min 

3 Physics in Premedical Training. 

L. I. Bockstahler, Professor of Physics, Northwestern University. (30 min. 

4 Future Aims in Premedical Training. 

Victor Johnson, Secretary of the Council of Medical Education, America 

Medical Association. (30 min.) 

5 Can Smaller Colleges Meet Future Requirements for Premedical Training 

Harvey DeBruine, Professor of Biology, Elmhurst College. (30 min.) 
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SOCIAL SCIENCE AND PSYCHOLOGY AND EDUCATION 
—ROOM 210 

Join! Session 

Chairman: Psychology and Education, Isabel C. Stewart, 

MacMurray College, Jacksonville 

Chairman: Social Science, Grace M. Jaffe, 

628 Garrett Place, Evanston 

tion of Chairmen for 1944-45. 

Papers in Psychology and Education 

Child Guidance and Teacher Training. 

O. E. Peterson. 
The Construction of a College Curriculum in Occupational Therapy. 

Marguerite MacDonald, MacMurray College, Jacksonville. (30 min.) 

Effect of Definite versus Indefinite Quantitative Terms upon the Comprehension 

and Retention of Social Studies Material. 

Otto J. Gabel. (30 min.) 

Education and Moral Confusion. 
Max R. Goodson, Coordinator of Student Teaching, University High 

School, Urbana. 
Educative Function of the Science Museum Curator. 

Gilbert Wright, Illinois State Museum, Springfield. (10 min.) 

Papers in Social Science 

Structure of a Rural Society in Southern Illinois. 

John W. Bennett, Chicago. (15 min.) 

Social Security for Farmers. 
David Edgar Lindstrom, University of Illinois, Urbana. (15 min.) 

Scientists’ View of Social Reality. 
Sadie G. and Harold F. Walton. (10 min.) 

Marriage Adjustment in the Post-War World. 

Harriet R. Mowrer. (15 min.) 

Public Welfare in the Post-War Period. 
Marietta Stevenson, University of Illinois. (15 min.) 

ZOOLOGY—ROOM 310 

xirman: Charles S. Spooner, Eastern Illinois State Teachers College, Charleston 

:tion of Chairman for 1944-45. 

Some Notes on Illinois Pseudoscorpions. 
C. Clayton Hoff, Quincy College, Quincy. (Slides, 10 min.) 

Relationship Between Glycogen Depletion in the Large Roundworm of Chickens 

and Elimination of the Parasite by the Host. 
W. Malcolm Reid, Monmouth College, Monmouth. (Slides, 15 min.) 

The Rate of Escape of Fishes from Hoopnets. 
D. F. Hansen, State Natural History Survey, Urbana. (15 min.) 

Nature Study in a Post-War Education. 
George L. Terwilliger, State Teachers College, DeKalb. (10 min.) 
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5 Distributional Features of Illinois Caddis Flies. 

Herbert H. Ross, State Natural History Survey. (Slides, 15 min.) 

6 A Synopsis of the Beetle Family Leptodiridae in Illinois. 

Milton W. Sanderson, State Natural History Survey. (Slides, 15 min.) 

7 The Immature Stages of Chyromya (Diptera; Chyromyidae.) 

Willis Everett Snow, Urbana. (10 min.) 

8 Some Changes Produced in Mammalian Tissues by Crotalus atrox Venom, i 

Karl Bleyl, Illinois State Normal University, Normal. (Movie in col< 
35 min.) 

COLLEGIATE SECTION—ROOM 309 

Chairman: Harold R. Wanless, University of Illinois, Urbana 

Business Session. 

1 Geologic Field Studies in Western Wyoming. 

Elizabeth Ann Livesay, University of Illinois, Urbana. (Slides, 15 min 

2 Student Forum: Contributions of Science to Post-War Reconstruction. 

Patricia Crumley, Biologist Harriett O’Brien, Physicist 

Maria DeBlock, Mathematician Lillian Questiaux, Chemist 

Barbara Lavin, Chemist Margery Rowbottom, Biologist 

Dorothy McDuffie, Mathematician Mundelein College, Chicago (20 min 

3 Further Studies of the Embryonic Circulatory System of the Bird. 

Donald Buckley, Loyola University, Chicago. (Slides, 20 min.) 

4 The Inheritance of Pseudohypertrophic Muscular Dystrophy. 

Caroline Hall, Monmouth College, Monmouth. (10 min.) 

5 Variety in Cell Shape. 

Isabel Kipping and Elizabeth M. Spehar, Rosary College, River Fore. 

(15 min.) 

6 A Case of Abnormal Migration of Ascaris in the Human Body. 

James I. Gabby, Monmouth College, Monmouth. (7 min.) 

7 Dehydrated Foods and their Nutritional Value. 

Betty O’Connor and Betty Gasvoda, College of St. Francis, Joliet. (10 mir 

8 Methods in Valence Presentation. 

Mary Ryan, Veronica Flood, and Marge Remlinger, College of J. 

Francis. Joliet. (10 min.) 

9 Production of Crystals of Some Naturally Occurring Substances in Silica Jeh 

Merwin VanPelt, The Principia, Elsah. (10 min.) 

10 The Relationship between Residual Chlorine and Bacterial Plate Counts in t' 

Monmouth College Swimming Pool. 

Louise E. Clark, Monmouth College, Monmouth. (Slides, 10 min.) 

11 Local Dolomite Production. 

Shirley Rossman, Rosary College, River Forest. (Slides, 15 min.) 

12 Techniques in Microfossil Studies. 
Ellen C. Jordan, University of Illinois, Urbana. (Slides, 10 min.) 
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GENERAL INFORMATION 

Headquarters 
Headquarters for the Academy will be in Room 117 Science Building. 

Messages sent before registration, May 5, should be addressed in care of H 
W. Gould, Northern Illinois State Teachers College, DeKalb, Illinois. 

Transportation 
Chicago and Northwestern Railroad : 

Eastbound 

Leave DeKalb-*5 :47 a.m-f7 :48 a.m_§7 :53 a.m_*7 :12 p.m 

Arrive Chicago_ __ 7:30 a.m_9:15 a.m_9:20 a.m_8:50 p.m. 

Westbound 

Leave Chicago_*10 :00 a.m_f5 :05 p.m_*8 :45 p.m. _*11 :45 p.m. 

Arrive DeKalb _11:20 a.m_6 :23 p. m_10:00 p.m_ 1:18 a.m. 
*Daily. -{-Daily except Sunday. §Sunday only. 

Chicago and Great Western Railroad: 

To Sycamore, five miles from DeKalb, and to St. Charles, 28 miles from DeKalb, 

Hotel accommodations may be secured in these towns. 

Greyhound bus line: 

Station at Bell Cafe, 343 E. Lincoln Highway. Daily, Chicago-Davenport. 

Eastbound : 1 :25 a.m., 4 :16 a.m., 8 :38 a.m., 9 :42 a.m., 2 :51 p.m., 7 :37 p.m., 

9 :37 p.m. 

Westbound: 12 :01 a.m., 4 :05 a.m., 7 :50 a.m., 12 :20 p.m., 4:09 p.m., 6 :09 p.m., 

9 :31 p.m. 

Also between Harvard and DeKalb. 

Room Accommodations 
Those who desire hotel accommodations should communicate directly 

with the hotels two or three days in advance. Only a few rooms are likely to be 

available because of large continuous local demand. Those wishing rooms in room¬ 

ing houses and in homes chiefly in the vicinity of the College should communicate 

with H. W. Gould, Science Building, DeKalb, Illinois, well in advance. 

For room assignments, call at the registration desk. 

Hotel Rice and Hotel DeKalb in DeKalb, Hotel Fargo in Sycamore 

Single room without bath $1.50 Double room without bath $3.00 

Single room with bath 2.50 Double room with bath 5.00 

Hotel Baker, St. Charles (28 miles from DeKalb) 

Rate slightly higher than those for DeKalb and Sycamore. 

Meals 
Luncheon and banquet reservations should be made not later than April 21. 

No assurance can be given for more than a limited number after that date. Tickets 

for reservations may be obtained at the registration desk in Room 117, Science 

Building on Friday morning, May 5. 

Inspection Trips 
Four commercial trips have been planned, as described in the General 

Program. Please indicate choices at the registration desk Friday morning. 
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ADDRESS OF THE PRESIDENT 

RESEARCHES IN LIFE HISTORIES OF PARASITES 

OF WILDLIFE 

LYELL J. THOMAS* 

President, Illinois State Academy of Science, 19^3-U 

INTRODUCTION 

Since the beginning of the present 
war, reports have come into the news 
about parasites infecting our troops 
in the tropics. Some individuals per¬ 
haps are not exactly sure just what 
a parasite is. Parasites may be either 
plants or animals that have found 
a way to gain their living at the ex¬ 
pense of some other organism, their 
host. This discussion is confined to 
animal parasites and animal hosts. 
Parasites are the most abundant an¬ 
imals in the animal kingdom because 
they have to insure their existence 
on or in other animals by producing 
prodigious numbers of their kind. 
They depend upon their hosts for 
their livelihood and take just enough 
of their sustenance so as to keep the 
hosts living and active until more 
parasites can be produced. 

For the past twenty years I have 
investigated the life cycles of para¬ 
sites of wild animals which hereto¬ 
fore had been unknown. It has been 
my good fortune for the past seven¬ 
teen years to carry on research and 
teaching during the summer months 
at the University of Michigan Bio¬ 
logical Station at Douglas Lake, 
Michigan. There it has been possible 

to see how parasites live with other 
wild animals such as fish, frogs, 
snakes, turtles, birds, and mammals. 
Wild animals native to this country 
often harbor parasites transmissible 
to man or his domesticated animals, 
or they may serve as reservoir hosts. 
For example, the broad fish tape¬ 
worm of man is also carried by the 
bear, the wolf, or coyote, while fish 
serve as intermediate hosts. The lung 
fluke of man is common in the mink. 
If man ate the same food as the 
mink, such as raw crayfish, which is 
esteemed in some parts of the world, 
he would be apt to contract lung 
fluke disease. From the standpoint 
of animals as carriers or as reservoir 
hosts it is necessary that we acquaint 
ourselves with the parasites of wild 
animals. 

In one major branch of the animal 
kingdom, the Platyhelminthes or flat- 
worms, there are two classes, all of 
which are parasites, the Class Tre- 
matoda, or flukes, and the Class Ces- 
toda, or tapeworms. Among the 
Nemathelminthes, or round worms, 
over a thousand have been described 
as parasites and they may be found 
living in practically every other ma¬ 
jor group of animals. 

* From the laboratories of the University of Michigan Biological Station and the University of Illinois 

Department of Zoology. 
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Fig. 1. Bothriocephalus rarus Thomas, a pseudophyllidean tapeworm of the 
green newt, Tnturus viridescens. (1) Adult tapeworm scolex and segment (2) 
Complete tapeworm from the newt’s intestine. (3-5) Eggs passed in the feces of 
the newt hatch in water in 3 to 8 days; (6) free-swimming coracid'um hatched 
from egg (7) eaten by Cyclops develops within this copepod in from 10 to 14 days 
into a (8) procercoid in the body cavity of Cyclops; (9) a larval newt eating the 
infected Cyclops develops (10) plerocercoids within the newt’s intestine where in 
seven months it matures. The larval newt may leave the pond as a red land phase 
for several months before returning with its tapeworm to the pond. The adult newt 
may transfer the larval tapeworm to its intestine either by eating the infected 
larval newt or by eating infected Cyclops. 

In order to begin a life cycle 
study, one must understand the 
ecology of the hosts or have an inti¬ 
mate knowledge of the relationships 
of the hosts to their environment, 
where they live, what ‘food they eat, 
and what factors influence their 
choice. One must also be on the alert 
for each scrap of information ob¬ 
tained and recorded. Information 
from nature must be taken when 
presented, otherwise days, weeks, and 
even years may go by before another 
such occasion arises. 

This I can illustrate in an early 
attempt to solve a life cycle. The 
problem I chose seemed to be one 
that could be easily completed in one 
summer although I knew little about 
the host involved. 

HOW A NEWT DEVELOPS 

A TAPEWORM 

A small green newt, Triturus viri¬ 
descens (Fig. 1), which lived in num¬ 
bers in a beach pool had an interest¬ 
ing tapeworm. The newt’s stomach 
contents indicated that it ate small 
water animals. Eggs passed with the 
feces hatched in well water at 72° 
F. within five days. The small spher¬ 
ical ciliated larval tapeworm ap¬ 
peared much like a one-celled animal 
as it rolled over and over in the 
water. Small aquatic animals called 
Cyclops, and relatives of crayfish 
and lobsters, ate these tiny worms. 
By examining the Cyclops under a 
microscope, it was possible to see the 
young tapeworm use its six hooks to 
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push intestinal cells aside and to 
come into the body cavity of the 
copepod. After several days in this 
host the six hooks became inactive 
and the opposite end now began 
probing movements in the body cav¬ 
ity and functioned as the anterior 
end. The hooks became constricted 
into a small tail-like appendage. The 
body part appeared like the head or 
scolex end of the adult tapeworm 
and seemed ready for its next host. 
Young newts were found to have 
larval tapeworms and copepods which 
appeared like the experimental ones. 
It was now necessary to test this ex¬ 
perimentally, and parasite-free newts 
were required. The surest way to 
have them free of parasites was to 
grow them. 

Artificial ponds near the labora¬ 
tory were stocked with water plants 
and newts from the beach pool, as 
1 thought that in this way I could 

| easily obtain a quantity of eggs and 
! larvae. Much to my dismay, I found 
a few days later that every newt had 

I disappeared. Many were found some 
j distance from the ponds under leaves, 
their skins dry and their tails more 
slender. They just would not stay 
in water. 

The next June, adult females were 
isolated in aquaria with water plants 
such as Elodea. One newt was ob- 

I served laying eggs, small yellowish 
jelly-like spheres, which she attached 
singly to the nodes of the Elodea. 
After forty had been laid I decided 
to leave her there until the follow- 

| ing morning to see how many more 
she would lay before I disturbed her. 
The next morning they were all gone, 
as she had eaten every one during 
the night. From then on as soon as a 

I few eggs were laid, the newt was 
, transferred to another aquarium. 
After eighteen days, the young newts 
hatched and were fed infected Cy¬ 
clops. By the middle of July they 

were a brick red and were found 
climbing up the sides of the aquaria. 
This same migration was observed 
in the beach pool across the lake. 
These young amphibians would come 
to the water’s edge and remain quiet¬ 
ly until their external gills dried 
and then they moved off into the 
moss and leaves. This migration went 
on all summer as the adult newts 
were laying eggs in the pool from 
late June to late August. Under 
moist logs in the woods, larger red 
phase newts were found. They had 
immature tapeworms and the newts 
had changed their diet to small 
earthworms and gnats. By keeping 
red phase newts over until the fol¬ 
lowing year, it was discovered that 
their tapeworms remained immature 
until the newt had changed to the 
green color phase and returned to 
the pond. 

If adult newts were starved, their 
tapeworms shed their segments but 
left the head or scolex attached to 
the intestinal wall. If infected newts 
were rapidly changed from cold to 
warm water their tapeworms would 
be shed. If the worms were not re¬ 
moved from the aquarium the newt 
promptly ate and digested them. 
Thus after several summers’ work, 
it was established that adult newts 
could become infected by eating in¬ 
fected young newts, by eating in¬ 
fected Cyclops directly, or as young 
newts become infected,—by eating 
Cyclops and carrying the infection 
over through the red phase until 
they returned to the pond a year 
later. 

I soon learned that several life 
cycles had to be carried on at one 
time in order to take care of mishaps 
which might occur in any one prob¬ 
lem and thus leave me empty-handed 
until another season. The foregoing 
account of a newt tapeworm cycle 
culminated in two papers on Both- 
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Fig. 2.—Ophiotaenia saphena Ossler, a tetraphyllidean cestode from the in¬ 
testine of the green frog Rana clamitans. At top of figure a mature segment and 
scolex of the tapeworm from the frog. Eggs passed in feces and eaten by Cyclops 
produce a procercoid (lower right) which if sucked in with the Cyclops develops 
as a plerocercoid (lower left) in the intestine of a tadpole. By metamorphosis of 
the tadpole the tapeworm becomes mature in the young frog’s intestine. 

riocephalus rants, the first account 
for any amphibian tapeworm of its 
kind. 

HOW A FROG GETS ITS TAPEWORM 

Frog tapeworms also engaged my 
attention, as nowhere in the litera¬ 
ture was there an account of their 
life cycle. A new tapeworm in green 
frogs, Rana clamitans, was observed 
(Fig. 2). A heavy infection was 
found in frogs which lived in a road¬ 
side ditch on Burt Lake, Michigan. 
The work of describing the new 
worm was given to a graduate stu¬ 
dent and a paper appeared naming 

it Ophiotaenia saphena Osier. I con¬ 
centrated upon the life cycle. Cy¬ 
clops again served as the intermedi¬ 
ate host. These little crustaceans 
would nibble on the gelatinous-cov¬ 
ered egg until the larval tapeworm 
or onchosphere was released, then 
promptly swallow it. If a gravid 
segment of the worm was placed in 
a shallow dish containing Cyclops 
they were drawn to it as though by 
a magnet. They pounced upon the 
segment, ripping it open to get at 
the eggs. Many would gorge them¬ 
selves so that due to the large num¬ 
ber of worms penetrating their in- 
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OPHIOTAENIA PEPEP/CUA 
LIFE CYCLE 

Fig. 3.—Ophiotaenia perspicua LaRue, a tetraphyllidean cestode of snakes. 
The eggs passed in the feces of the snake come into the water where they are 
eaten by Cyclops (lower right). In this copepod develops a procercoid (middle 
right) which if eaten by fish or tadpoles develops into an encysted plerocercoid 
(upper right) in the liver and mesenteries of these animals. A water snake eating 
an infected fish, frog, or tadpole develops mature tapeworms (upper left). 

testinal wall, they were killed. Two 
weeks were required for the infective 
stage of the tapeworm, or procercoid, 
to develop. Laboratory-reared tad¬ 
poles sucked up the infected Cyclops 
and became infected. These imma¬ 
ture worms in their intestines de¬ 
veloped but slowly. With the meta¬ 
morphosis of the tadpoles into frogs 
the tapeworms matured. In northern 
Michigan, as two years are required 
for tadpoles to metamorphose, it 
takes that long for the tapeworm to 
mature. 

In the livers and mesenteries of 
frogs and mud minnows from this 

same habitat were other tapeworms 
which would not mature in the frogs. 
Water snakes and garter snakes had 
a tapeworm named Ophiotaenia per¬ 
spicua (Fig. 3), which was abundant 
in these reptiles from this same gen¬ 
eral region. Liver and mesenteric 
cysts, the plerocercoid stage of this 
worm, fed to laboratory-reared 
snakes matured in them. Cyclops 
were infected by feeding on the eggs 
and the infection was transferred 
to tadpoles. This was the first com¬ 
pleted life cycle of a tapeworm of 
snakes. 
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THE ROLE OF FISH AND 

IICROCRUSTACEA IN THE LIFE CYCLE 

OF A BIRD TAPEWORM 

A Finnish worker Jarvi (1909) 
irst directed attention to the stomach 

Cysts of a tapeworm thought to be 
he broad fish tapeworm of man, 
vhich infested the herring in the 
akes of Finland. For many years I 
lad observed that they were abun- 
lant in herring from the Great 
jakes. I had also received segments 
>f tapeworms reported to be floating 
>n the waters of Canadian lakes and 

I he Great Lakes as well as Douglas 
i jake. The general picture of the in- 
estation seemed to indicate a bird as 
he distributing agent. It so hap- 
)ened that in the course of host ex- 

'iminations in the laboratory, a new 
apeworm related to the broad fish 
apeworm of man was discovered. I 
Lave named it Diphyllobothrium ob- 
ongatum (Fig. 4) to distinguish it 

i rom Diphyllobothrium strictus, a 

tapeworm found by a Russian sci¬ 
entist Theodore Talysin in 1932. His 
worm found infecting fishermen in 
the region of Tomsk, Siberia, is a 
small one 47 cm. long and very sim¬ 
ilar to D. oblongatum. Since the her¬ 
ring gull was found to be infected 
with D. oblongatum, and only young 
birds at that, it became necessary to 
make many trips by means of a small 
fishing trawler to gull rookeries some 
40 miles out in northern Lake Mich¬ 
igan to obtain infected birds, as only 
about 50 percent have the worms. 
The annual number of fledgeling 
birds taken over the past eight years 
is fourteen. This number is small in 
comparison with the great numbers 
that are killed by adult birds when 
the young get out of their territories 
or by the depredations of crows, or 
by the elements themselves. On one 
occasion we were caught on Pismier 
Island in a violent hail storm with 
no protection except that afforded 
by small shrubs about three feet 

Da-ily c/ozica.| temperatures of youny </ul/s 

July ^ Auyust ^ 

W/eeKS H N vr 

Fig. 5.—Daily cloacal temperatures of young gulls Nos. 67, 55, 91, and 00 fed 
Diphyllobothrium cysts after hatching in incubator; then birds removed to develop. 
)ates on which eggs were found in feces marked X. Autopsied on August 25, all 
apeworms absent. 
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high. After the storm it was esti¬ 
mated that about ten percent of the 
thousands of eggs and young had 
been destroyed. 

Observations on the island dis¬ 
closed that the old birds fed their 
young largely on herring and min¬ 
nows. Early in the summer the her¬ 
ring are near the surface far out in 
the lake. Later they feed in the 
shallow waters around the islands 
where they are taken by the fisher¬ 
men. The gulls, both old and young, 
leave the rookeries later in the sum¬ 
mer and flock to the inland lakes. 
Segments of tapeworms were found 
to be shed on the islands and in their 
adjacent waters. The herring of 
Douglas Lake have shown only two 
cysts in over one hundred fish ex¬ 
amined in the past six years although 
great flocks of gulls are on the lake 
late in August. The unpublished 
work of a limnologist, Dr. Robert 
Campbell, on the vertical migrations 
of microcrustacea in Douglas Lake 
have shown that the intermediate 
host for this worm, Diaptomus ore- 
gonensis, both old and young, are 
found in Douglas Lake at a depth 
of 21 meters (that is, below the ther- 
mocline, in the cold water covered 
by a layer of warm water) where 
they would be available to the her¬ 
ring. If the tapeworm eggs were de¬ 
posited in Douglas Lake, the herring 
should have shown heavy infections 
according to the number of birds 
present, as fifty percent of the young 
birds on the islands were infected. 

Young gulls a week or so old and 
old birds could not be infected by 
feeding them cysts from lake her¬ 
ring, so gull eggs were obtained and 
hatched in an incubator at 103° F. 
Their cloacal temperatures (Fig. 5) 
were taken in the incubator and 
were found to be the same as the 
incubator temperature. The follow¬ 

ing day, they were removed from the 
incubator and fed tapeworm cysts.? 
Their temperatures ranged from 95° 
F. to 98° F. Daily temperature! 
readings were taken for six weeks,! 
and it was found that tapeworm 
eggs began to appear in about four 
weeks, shortly after which the worms 
were shed. During this time the body 
temperatures of the gulls had risen 
to 106° F. and 107° F. The young 
birds were now in full plumage and 
ready to fly. The mean body tem¬ 
perature of the adult gull is 108° F. 
These data helped to explain the 
light infections of herring in Doug¬ 
las Lake, and why I could not infect 
the older fledgeling gulls and adults. 

A study was made of the develop-; 
ment of the tapeworm in Diaptomus. 
Since this copepod is found in large)1 
bodies of water, it proved difficult 
to maintain for experimental pur¬ 
poses. By taking water in which j 
fish had been kept for some time and 
then stirring it with a paddlewheel 
it became conditioned to keep the1 
copepods alive so that they could be 
maintained in shallow dishes. Tape¬ 
worm eggs hatched within two weeks 
in these same dishes and the copepods 
became infected. After two weeks! 
in the body cavity of the Diaptomus, 
these copepods were fed to guppies, 
small tropical minnows. Within one 
to two months, well-developed cysts 
were present on the stomachs and 
mesenteries of these fish. Further 
experiments with the eggs kept near 
freezing temperatures for as long as 
three years demonstrated that the 
larval tapeworms or coracidia will 
live and hatch and infect Diaptomus 
after that length of time. Eggs that 
come into the cold deep water of Lake 

Michigan may have their normal de¬ 
velopment so delayed as to extend 
the infection of Diaptomus and her¬ 
ring over many months. 
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Fig. 6.—Halipegus eccentricus Thomas, a fluke from the ears of frogs. Eggs 
passed in the feces of the frog (1) are eaten by a snail, Physa. Within the snail 
ntestine the egg hatches (a) and sheds its spiny tunic to become a sporocyst (b) 
ust outside the intestinal wall; the sporocyst develops within its body cavity three 
)r more rediae (c) which in turn within a month have 50 or more carcaria (d) 

1 mcysted in their tails. The Cyclops by eating the cercaria become infected with 
nesocercaria free in their body cavity in 2 to 3 weeks (2). The frog tadpole (3) 

[sucks up the infected Cyclops and the young flukes migrate from the stomach (f) 
,o the mouth (g); with the metamorphosis of the tadpole (4). The adult fluke (h) 
inally migrates to the auditory tube in the adult frog (5). 

i QUEEN FLUKE IN THE EARS OF FROGS 

AND HOW IT GETS THERE 

Although much of my experiment- 
il work at the Biological Station has 
>een with tapeworms and round 
vorms, I found time to work on 
hikes. Flukes or Trematodes are 
latworms without segments and in 
nost of them well-developed sex or¬ 
gans of both sexes are present in the 
j single body. Their life cycles may 
I )e very complex and a mollusk such 
is a snail or clam is necessary as an 
ntermediate host. 

Eggs may hatch in the water or 
n the intestine of the host. The 

larval stages that occur in the snail 
are the sporocyst, rediae, and cer- 
cariae. The cercariae break out of 
the snail to infect the next intermedi¬ 
ate host, which may be eaten by the 
final host. In the life cycle of this 
fluke, Halipegus eccentricus (Fig. 
6), which I found in the ears of 
frogs the eggs have spine-covered 
larvae. Since no cilia for locomotion 
were present, they had to be eaten 
by a snail. Snails belonging to the 

genera Physa and Helisoma proved 

to be the correct forms. The cercaria 
shed by the snails were encysted in 

their own tails. When a Cyclops 
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Fig. 7.—Raphidascaris canadensis Stafford, a nematode or roundworm from 
the intestine of the northern pike, Esox Indus. The head (upper left) and tail 
(upper right) of a male worm. The comparative sizes of the male and female 
worms. Cycle as follows: eggs passed in feces of fish come into the water and 
develop infective embryos within the egg in 24 hours; bottom feeding minnows' 
feeding on eggs or eating first instar dragonfly which have fed on infective eggs, 
develop liver or mesenteric cysts of this worm. The pike by eating infected perch, 
or minnows gets the adult worm. 

touched a release mechanism the lar¬ 
val fluke inside its own tail was shot 
out into the water by a coiled-up 
delivery tube. The passage through 
the tube was so rapid that I missed 
seeing it entirely in my early ob¬ 
servations. The copepod quickly ate 
the larval fluke which penetrated in¬ 
to the body cavity and in two to 
three weeks was ready for its next 
host, a tadpole. With the metamor¬ 
phosis of the tadpole into a frog, 
the young fluke traveled from the 
stomach into the mouth and then 

into the middle ear. Before this 

paper came out, Krull (1935) pub¬ 
lished a similar cycle for the worm 
Halipegus occidualis Stafford. The 
adult flukes were very similar but 
the larval stages differed so widely 
that my specimen had to be called 
Halipegus eccentricus. My delay in 
publication resulted in the discovery 
of a new species. 

A ROUND WORM IN THE INTESTINES 

OF PIKE AND HOW IT DEVELOPS 

For a number of years the classes 
in parasitology had been finding 
round worms, Bapliidascaris cana¬ 
densis (Fig. 7), in the intestines of 
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the northern pike, Esox Indus. Masses 
fof eggs would stream from the fe¬ 
male worms when placed in water. 
As they have glassy clear egg shells 
it was possible for me to observe 
their development from the single 
cell stage to an active larva in only 
eight hours. Within twenty-four 
hours one molt had occurred in the 
egg and the larva was ready to in¬ 
fect some host. Encysted stages of 
the worm were found in abundance 
in the livers of perch taken from the 
lake. Fingerling perch, however, 
were not infected. Guppies were 
easily infected as they picked the 
infective eggs from the bottom of 

! the aquarium. It was then discov¬ 
ered that the fingerling perch were 
plankton feeders, eating only micro- 

I scopic life near the surface, whereas 
yearling perch feed near the bottom 
and on insect life on the vegetation. 
When eggs were presented to tiny 
first instar dragonfly nymphs they 
promptly ate them as they could see 
the wriggling worms turning about 

, in their egg shells. Normally they 
»eat only moving objects. Older 
nymphs were too large to see the 
eggs. Mature nymphs from the lake 
had walled off the worms in their 

' body cavities with chitin so that un¬ 
less they were eaten by fish, the 
worms would eventually die. In¬ 
fected nymphs were fed to guppies 
and they in turn to fingerling pike 

■ and muskalunge, in which the worms 
! developed normally in their intes¬ 
tines. 

A ROUND WORM IN THE STOMACHS OF 

WATER BIRDS-ITS LIFE CYCLE 

It was my good fortune in the fall 
of 1935 to be on the Rock River, 
Illinois, where the State Natural His¬ 
tory Survey had its laboratory boat. 
I was interested in the gyrations of 
the gizzard shad over the surface of 
the water. Ordinarily they are bot¬ 

tom feeders. Aside from a fungus 
growth which covered their gills and 
seemed to be asphyxiating them, they 
had a number of round worms en¬ 
cysted in their mesenteries. Gizzard 
shad as a rule have few if any para¬ 
sites. Since the round worms be¬ 
longed to a group of nematodes in¬ 
festing fish-eating birds and mam¬ 
mals and no life cycles were known, 
I thought this a good opportunity 
to solve it. Down the river a short 
distance from the boat, black cormo¬ 
rants were observed roosting in some 
dead trees. Two birds were obtained 
and a great number of this same 
worm, Contracaecum spiculigerum, 
(Fig. 8) were found mixed with the 
stomach contents of freshly eaten 
shad. Black bass, crappies, and shad 
from the region were all infected. 

Large numbers of eggs were dis¬ 
sected out of the female worms and 
incubated in shallow dishes. In 
about seven days the dishes were 
filled with rapidly swimming larvae. 
Two molts occurred in the egg and 
one after hatching. Thus encased in 
three protecting sheaths they with¬ 
stood considerable drying. Guppies 
ate them avidly so that after one 
month many fish died because of the 
growing worms. Chicks and white 
pekin ducklings given large doses of 
the worms did not become infected. 
They did not become infected when 
given infected fish. I evidently need¬ 
ed fish-eating birds. 

The following spring fledgeling 
cormorants were obtained from the 
Illinois River. Feeding them pre¬ 
sented a problem. Canned mackerel 
served as food but it had to be cram¬ 
med by hand down their throats. 
They would not drink water even 
though a deep bucket-full was placed 
in their pen. Then I remembered 
that they had come from nests high 
up in trees and that the old birds 
must water them. A pop bottle of 
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may be transferred to other fish eating the infected minnows and these carnivorous 
fish may be eaten to infect the cormorant or the cormorant may become infected 
by feeding on infected minnows. 

water was soon emptied down each 
open beak. Thereafter my appear¬ 
ance with a pop bottle in hand was 
a sufficient cue for the birds to open 
their beaks and to set up a loud 
clamor sounding much like many 
doors opening on rusty hinges. Ten 
of the birds were given a treatment 
of carbontetrachloride to remove any 
worms fed to them by their parents. 
The worms were found to bury them¬ 
selves in the stomach glands between 
meals and to come out and penetrate 
into the digesting food at meal time. 
Two of the treated birds used as 
controls were not fed infected gup¬ 
pies and had no worms when ex¬ 

amined. After one month eight birds 
were shipped to Douglas Lake and 
the feeding of infected guppies was 
continued with the four that sur- ' 

vived the trip. Three of them were 
sacrificed the latter part of August, [ 

and worms in different development¬ 
al stages were recovered. The fourth 

bird, a little male called Oscar, be- • 
became such a pet that I turned him i 
over to the Ann Arbor Zoo. Oscar 

was allowed to fish for himself on 

the lake but if he saw some one 

carrying a bucket or a pan he would 

fly in to shore hoping to get a free 

meal. As long as he was at the lake, 



Life Histories of Parasites 19 

Fig. 9.—Philometra nodulosa Thomas, a dracunculid-like round worm parasitic 
in the skin of fish, Gatostomus catostomus, etc. Larval worms (1) escaping by rup¬ 
ture of the fish’s skin are eaten by Cyclops (2) where they mature to the infective 
stage within 2 weeks. Fish eating these copepods have the female worms (4) ap¬ 
pearing in the skin within a year. 

the returned to his pen at night to 
roost. 

Contracaecum spiculigerum, this 
round worm parasite of cormorants, 
was found to be well adapted to its 
host and to adverse environmental 
conditions. Its eggs were frozen in 
ice in October and when thawed out 
:he following March hatched 100 per 
icent. Guppies were infected with 
these larvae. It is therefore possible 
lor eggs left in the late autumn to 
remain dormant until spring when 
they will hatch and infect fish, which 
n turn will infect birds. 

MOW FISH, LIKE MEN, MAY HAVE A 

GUINEA WORM 

In Sturgeon Bay, upper Lake 
Michigan, the most common sucker 

taken by fishermen is the red-horse, 
Catostomus catostomus. Quantities 
of them are shipped undressed or 
“in the round,” as the fishermen 
say, packed in ice and sent to the 
New York market. During the latter 
part of June and the first part of 
July many are disfigured for the 
market by the presence of blister-like 
patches containing bright red round 
worms (Fig. 9). The worms are most 
abundant in the skin in the head 
region and in the dorsal and pectoral 
fins. This worm I described as Phil¬ 
ometra nodulosa. It is a close rela¬ 
tive of a worm infecting man which 
is found in Africa, around the Med¬ 
iterranean, and in India. There it 
appears on the legs or backs of water 
carriers and is known as the Guinea 
Worm. It is thought to be the “fiery 
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Fig. 10—Cammallanus trispinosis Leidy, a nematode inhabiting the small in¬ 
testine of turtles. The female worms are ovaviviparous, the larval worms pass out 
with the feces (1) and are eaten by Cyclops. After two molts in the body cavity 
of Cyclops (2) within two weeks, if eaten by damsel fly or dragonfly nymphs, or 
newts, or salamander larvae, the worms (3) attached to the intestinal wall may 
infect turtles. In fish the worms burrow into the mucosa and infect turtles which 
eat them. 
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serpent” of the Children of Israel 
according to the biblical account. 
Like its relative the Guinea Worm, 
the breaking of the blister releases 
myriads of larval worms into the 
water where they are eaten by Cy¬ 
clops. The young worms penetrate 
into the body cavity of the copepod 
and arrive at the infective stage 
within two weeks. Suckers feeding 
on the lake bottom pick up the now 
sluggish Cyclops. Fish examined late 
in December had males and female 
worms in the heart region. Late in 
June the female worms appear in 
the surface tissues filled with motile 
larvae but no males seem to be pres¬ 
ent. It has been recorded from black 
bass in an Illinois fish hatchery and 
in fish from Oneida Lake, New York. 

THE PART PLAYED BY OTHER ANIMALS 

| [N THE LIFE CYCLE OF AN INTESTINAL 

WORM OF TURTLES 

The work of Rudolph Leuckart on 
Cammallanus, a nematode parasitic 
in the intestines of fish and turtles, 
clearly demonstrated that Cyclops 
were the intermediate hosts. This 
discovery led to the demonstration 
of the life cycle of the Guinea Worm 

I of man by Fedtschenko in 1871. 
There were certain so-called free- 
living stages in the life cycle of Cam- 
mallanus that could not be accounted 

| for. 

A famous American physician and 
parasitologist of the past century, 
Joseph Leidy, described a worm from 
turtles, Cammallanus trispinosis 

i (Fig. 10), which is the subject of 
this life cycle. The adult worms are 
a bright red color and are provided 
with true jaws which clamp on the 
intestinal epithelium. Each female 
produces hundreds of motile larvae 

| which come into the intestinal lumen 
and pass out with the feces. In the 
experimental dishes they generally 

attached themselves to the bottom 
and coiled and uncoiled until eaten 
by a Cyclops. 

After two weeks in the body cavity 
of a Cyclops they are ready for a 
second intermediate host. Damsel fly 
and dragonfly nymphs as well as 
young salamanders, newts, and fish 
were used for this purpose. The 
worms attached themselves to the in¬ 
testinal wall of the insects and am¬ 
phibians by means of their cup-like 
mouths and showed no further de¬ 
velopment after two weeks in this 
location. In the intestines of fish 
they buried themselves in the mucosa. 

As more infected Cyclops were fed 
to damsel fly and dragonfly nymphs 
some of the worms passed out into 
the dishes in which they were kept. 
These worms remained active in the 
water for as long as three weeks. 
This helps to explain why some 
workers believed that there was a 
free-living stage in the life cycle. 
An examination of turtles in nature 
has shown identical worms in their 
intestines. These turtles can get their 
infection from eating nymphs, sala¬ 
manders, or newts which have the 
young in their intestines. 

In the spring of 1935 while exam¬ 
ining the intestine of a spoonbill cat¬ 
fish, Polyodon spathula,! found large 
masses of these worms imbedded in 
the mucosa. Chunks of the intestine 
containing the worm were cut out 
and fed to three painted turtles on 
March 18, 1935. Previously to this 
the three experimental turtles and 
three controls were given a carbon- 
tetrachloride treatment to eliminate 
any possible natural infection. Three 
months later when all turtles were 
autopsied, the controls were negative 
for Cammallanus but the experi¬ 
mental ones had masses of adult 
worms. 
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Pig. 11.—Trichosomoides crassicauda (Bellingham), a nematode which sews 
itself into the epithelial lining of the urinary tract of rats. Eggs passed in the 
urine are fully embryonated (1); hatching (2) in the digestive tract of the rat, 
the larvae (3) migrate through the body of the rat to become egg-laying adult 
females in 3 to 6 weeks sewed into the urinary bladder wall (4) while the male 
retaining many of its larval features wanders about and enters the female uterus 
(4-a) to complete copulation. 

RATS AND THEIR RELATIONSHIPS TO 

ROUND WORM PARASITES 

Rats are vectors or reservoir hosts 
to a number of helminth parasites 
found in man. Trichinella sjyiralis is 
a round worm commonly associated 
with cysts in pork which if eaten by 
man produces the disease known as 
trichinosis. It is estimated that over 
10 percent of our population are car¬ 
rying in their muscles the little cysts 
of Trichinella, having at some time 
eaten a few encysted worms in un¬ 
derdone pork. As there is as yet no 
known cure for the disease once ac¬ 
quired, and a heavy infection will 
kill the host, its prevention is the 

only safeguard. Cook all pork well 
before eating it. 

Capillaria hepatica is a round 
worm parasite of this same group 
living in the livers of rats and mice, 
the muskrat, the beaver, the North 
American prairie dogs, and the pec¬ 
cary. Transfer to man may be made 
by eating infected livers not thor¬ 
oughly cooked, or by the disintegra¬ 
tion of the host, the eggs then picked 
up through contamination of food or 
drink. The worm produces a marked 
cirrhosis of the liver. 

Trichosomoides crassicauda (Fig. 
11) is another of these round worm 
parasites of the rat which lives sewed 
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into the urinary bladder, the ureters, 
or kidney capsule. One of my first 
life cycle experiments was the study 
of this parasite’s migration through 
the body of the rat. The eggs are 
passed in the urine and are fully 
embryonated when laid; when in¬ 
gested in food or drink the larvae 
hatch and pass into the body cavity 
or circulatory system by means of 
their stylet, a sharp spear-like organ 
in the mouth cavity. Only those that 
arrive in the kidney will mature. 
The males are extremely small and 
retain many of their larval charac¬ 
teristics, including the stylet. They 
move freely through the tissues of 

|dhe host while the female loses its 
[stylet early and sews itself into the 
epithelial wall of the urinary tract. 
Most of the males are commonly 
found living in the uterus of the fe¬ 
male worm. Infection then is direct 
and most rats show eggs in their 

1 urine in from three to six weeks after 
ingesting the eggs. One of my stu¬ 
dents working on an immunity prob- 

jlem with this worm has recently 
j found a method for early diagnosis 
of the worms before eggs appear 

i which may be applicable to the early 
diagnosis of human schistosomiasis. 

j FUTURE NEEDS FOR FUNDAMENTAL 

RESEARCH ON THE PARASITES OF 

WILD ANIMALS 

There are those who believe that 
unless research is directly applicable 

j to medicine it has no intrinsic value, 
but the foundations for the under- 

I standing of human helminthology 
I have all been laid by the researches 
■ in parasites of wild or domesticated 
animals. 

After this war and while men are 
returning from overseas service in 
parasite-infested centers throughout 
the world, certain diseases more or 
less new to this country may make 
themselves known. Filariasis, or more 
specifically “filarialelephantiasis’’ 

and “onchocerciasis,” may become 
established more generally in the 
United States. Its worldwide distri¬ 
bution lies well below the 40th par¬ 
allel north latitude and not beyond 
the 40th parallel south latitude. In 
Charleston, South Carolina, a small 
endemic center has been established 
since slave days when it was un¬ 
doubtedly brought over from Africa. 
It is well established in the Carib¬ 
bean and Central American coun¬ 
tries. 

Wuchereria bamcrofti microfilaria 
are small round worms which cir¬ 
culate in the blood stream while the 
adults are confined to the deep lym¬ 
phatic tissues. These lymphatics be¬ 
come greatly dilated when the worms 
are present in numbers. In occasional 
cases other lymph glands become in¬ 
volved such as those of the scrotum, 
inguinal glands, and mammary 
glands with huge enlargements of 
the legs known as elephantiasis. An¬ 
other species Onchocerca volvulus 
with unsheathed larvae of two sizes 
resides only in the skin and produces 
nodules about the head region. The 
larvae may migrate into the eyes 
causing blindness. This type is more 
prevalent in Guatemala, whereas a 
body or leg inhabiting species is 
found in Africa. Wuchereria ban- 
crofti is carried by several genera of 
mosquitoes all of which are present 
in the United States. Onchocerca 
volvulus is transmitted by blackfiies 
belonging to the genus Simulium, a 
widely distributed gnat in this coun¬ 
try. Culbertson and Rose working 
with filaria in cotton rats last March 
reported a drug neostam, which may 
well prove to be a cure for human 
filariasis. 

More malignant, fatal malarias 
such as Plasmodium falciparum and 
P. malariae may also be brought in 
by war prisoners and returning sol¬ 
diers. Here may be found all of the 
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anophelene mosquito vectors neces¬ 
sary for life cycles and distribution. 
It does not necessarily follow that 
we may expect wide epidemics of 
tropical diseases, but that medical 
men should become well versed in 
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AGRICULTURE 

HAIL DAMAGE TO SOYBEANS 
Report of 1943 Results 

R. F. FUELLEMAN 
University of Illinois, Urbana 

Considerable interest has been evi¬ 
dent in recent years in the results 
obtained from experiments with soy¬ 
beans artificially injured to simulate 
hail damage. Damage by natural 
hailstorms to soybeans is of more 
than passing interest to insurance 
companies that underwrite farm 
crops. Soybeans are a comparatively 
new crop in the United States; their 
history dates back only to the early 
years of the present century. Like¬ 
wise hail insurance of the soybean 
crop is only a few years old. 

The problems of insurance com¬ 
panies in underwriting soybeans are 
similar to those first encountered 
with cotton, corn, and other crops. 
Adjustments of losses of these crops 
could not be made by any rule-of- 
thumb method. Most adjusters will 
agree that this is still true for the 
most part, although a considerable 
“bank” of experience is now avail¬ 
able upon which adjusters may draw. 
However, this is not true of soy¬ 
beans. Adjusters are still dependent 
upon trial-and-error methods, always 
hoping that they will not be too far 
off in their results. Fortunately, past 
experiences with other crops have 
been of tremendous assistance in ar¬ 
riving at an equitable figure in mak¬ 
ing adjustments of claims. 

PREVIOUS WORK 

During the past three or four 
years the Illinois Agricultural Ex¬ 

periment Station has tried to ascer¬ 
tain the factors attending various 
degrees of hail damage to beans. In 
cooperation with Mr. L. G. Van Zile1 
some field work was begun in 1942 
at Urbana. Unfortunately not enough 
beans of any single variety were 
available in a sufficiently large area 
to provide an adequate number of 
replicated samples to carry through 
the entire season. The results ob¬ 
tained by using some seven or eight 
varieties were confusing, but fol¬ 
lowed a definite trend. This trend 
was toward sharply decreased yields 
following the flowering period and 
very drastic reductions when plants 
were damaged during pod formation 
and filling. These results were as ex¬ 
pected. However, the number of va¬ 
rieties used made it difficult to defi¬ 
nitely relate the date of damaging 
to the estimated amount of damage. 
Previous to this some work by G. H. 
Dungan et al2 indicated a similar 
trend. 

Greenhouse plants are not entirely 
satisfactory for hail damage experi¬ 
mental work. One of the most im¬ 
portant factors affecting soybeans in 
greenhouse work is light. Plants tend 
to grow spindly and produce only a 
fraction of the flowers and pods or¬ 
dinarily coming from a normal 
plant. Insects also are more serious 

1 Special agent for the Rain and Hail Insur¬ 
ance Bureau, Chicago, Illinois. 

2 Unpublished data. 
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Table 1.—Summary of Data from Hail Damage Project—Artificial Damage of 

Richland Soybeans. 

(Planted June 7, 1943—Urbana, Illinois) 

Dates of Defoliation 

June 29 July 12 July 19 July 24 Aug. 11 Aug. 26 Sept. 6 

bu/A bu/A bu/A bu/A bu/A bu/A bu/A 

30% Defoliation 

36.0 35.9 29.4 23.6 18.1 17.4 11.1 
25.1 27.5 27.4 29.5 15.6 20.0 10.1 
26.2 27.9 30.3 29.4 16.2 17.4 14.7 
32.6 33.7 22.4 28.6 12.3 14.7 

Average. 29.9 31.5 27.4 27.7 15.6 17.4 12.0 

Standard 
Deviation. 4.8 3.6 3.0 2.4 2.0 1.9 1.9 

50% De fol iation 

26.4 27.7 27.4 25.8 8.2 10.4 9.9 
29.0 31.3 25.5 22.6 11.2 13.8 11.0 
28.1 25.0 29.9 29.0 11,3 12.7 8.7 
36.3 29.5 27.0 22.4 10.2 11.6 10.8 

Average. 29.9 28.2 27.4 24.8 10.2 12.0 10.1 

Standard 
Deviation. 3.8 2.3 1.6 2.6 1.2 1.3 0.9 

75% Defoliation 

24.5 23.4 11.0 4.6 6.1 7.9 
24.8 24.4 17.7 18.2 5.8 4.7 
19.4 27.4 20.5 6.2 5.5 1.5 
24.6 23.0 16.2 8.3 10.3 

Average. 23.2 24.6 16.3 9.3 6.9 4.7 

Standard 
Deviation. 2.3 1.7 3.4 5.3 1.9 2.2 

in the greenhouse. All of these fac¬ 
tors and many more limit the value 
of greenhouse work to studies of 
comparative results. Treatments de¬ 
signed to determine the recovery 
of plants, bud reproduction, and 
other botanical phenomena are of 
some value. 

work in 1943 

In the spring of 1943, Richland 
soybeans were drilled in 24-inch rows 

for these studies. Although planted 
late (June 7) the stand was good 
and growth rapid. Three levels of 
defoliation were decided upon. These 
were carried out on seven different 
dates throughout the growing season: 
namely, June 29, July 12, July 19, 
July 24, August 11, August 26, and 
September 6. Random rod-row 

samples were defoliated. Percentages 

of defoliation were approximately 
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Fig. 1.—Yield of soybeans as a result of different 
degrees of defoliation. 

30, 50, and 75, the latter entailing 
very rough handling, breaking of 

tstems, etc. Insofar as was possible 
most of this work was carried out 
during the morning of the day select¬ 
ed as the somewhat cooler tempera¬ 
tures at this time of day more closely 

! approximate conditions prevailing 
just prior to or during hailstorms. 
All defoliation was by hand as con¬ 
trasted to the use of various devices 

jin preceding years. Pertinent data 
are presented in Table 1 indicating 
yield by rows and averages in bush¬ 
els per acre. Standard deviations 

!are included. 
If desired, statistical analysis can 

,be applied, although the advantages 
! of further statistical subjugation of 
these data are questionable. Figure 1 
presents the same data graphically. 
Some question may arise as to differ¬ 
ences seeming to favor increased 
yields on July 12 over June 29 under 
30 percent defoliation. A compari- 

i son of the deviations will serve to 

clarify these figures, for the devia¬ 
tion of June 29 is sufficiently large 
to approximately equal the yield 
plus deviation of July 12. Table 2 
indicates the final yield of Richland 
beans that were not defoliated. 

Table 2.—Yields of Richland Soybeans 

from Undamaged Samples—1943 

Sample Yield 

1 . 
bu/A 

37.4 
2 . 27.5 
3 . 28.2 
4 . 27.9 
5 . 23.0 
Average . 28.8 
Standard 
Deviation. 4.7 

OTHER RESULTS BEARING ON HAIL 

DAMAGE 

One of the methods of adjusting 
losses caused by hailstorms is that 
of sampling fields and estimating 



28 Illinois Academy of Science Transactions 

Table 3.—Average Number of Soybean Plants Per Rod Row and Average Yields 

from 1/20-acre Plots. Urbana, Illinois—1943. 

Number of Plants Per Rod Row 

Variety 
July 2 July 30 

Yield 

Earlyana . 78.5 79.0 
bu/A 
23.0 

Richland. 85.5 81.3 24.9 
Mingo. 82.8 69.5 28.5 
Mukden. 121.0 117.8 26.4 
Dunfield. 108.5 112.3 27.5 
Lincoln . 85.5 102.0 29.4 
Illini. 160.5 157.7 26.8 
Patoka . 104.3 111.5 29.8 
Viking. 80.7 87.7 28.9 
Mt Carmel . 111.0 105.7 30.6 
Chief . 185.5 170.0 28.1 
Gibson . 190.3 220.0 31.2 
Ebony . 210.0 179.7 12.2 

McClave 210.3 19.9 

losses based on the estimated percent 
of damage on a given number of 
plants. This brings with it the ques¬ 
tion of how many plants constitute a 
“stand.” This is difficult to answer. 
Stand counts will differ with vari¬ 
eties on the same field. However, 
within reasonable limits the number 
of plants in a given area can differ 

widely and still produce at a similar 

rate. Table 3 gives the results of 

stand counts made on two different 
dates at Urbana and the average acre 

yield of beans from these plots. 

Although no conclusions can be 

drawn at the present time from these 
experiments, certain definite trends 
are observable; namely, 

1. Light hail damage during early- 
growth periods and previous to bios5* 
soming does not depress yields. 
Heavy hail damage during this same 
period does reduce yields very ma¬ 
terially. 

2. Severe reductions in yields re¬ 
sulted from all rates of defoliation 
during the period of pod formation 
and filling—August 1 to August 15, 
1943. 

3. The results obtained this season 
using Richland beans may be ex¬ 
pected to differ slightly from other 
varieties which may vary in time of 
flowering and pod formation. How¬ 
ever, it is considered probable that 
the relative yields would vary but 
little. 
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ILLINOIS FOREST FUTURE 

J. NELSON SPAETH 
University of Illinois, Urbana 

Illinois needs a definite forest pol¬ 
icy on which there is substantial 
agreement by all the agencies and 
individuals who are directly and in¬ 
directly concerned with the future 
of Illinois forests. Such a policy 
should be formulated at the earliest 
possible date and be published as a 
guide to future developments. Only 
on the premises set forth in such a 
policy statement can the specific ac¬ 
tivities of all agencies be properly 
oriented and fitted into a coordinated 
[program for the development of the 
forest resources of the state. Some 
of the factors that must be taken 
into account in formulating a policy 
and launching development pro¬ 
grams follow. 

FOREST FACTS 

The forest situation in Illinois has 
been studied from time to time over 
a period of at least forty years. These 
studies have resulted in the publica¬ 
tion of papers and reports which 
generally recommended specific pro¬ 
grams and in some instances pro¬ 
posed the elements of a forest policy. 
Some of these programs have been 
put into operation. As a result prog¬ 
ress has been made in restoring and 

| improving the forest resource, but 
i there is still need for broad scale 
planning as well as detailed study of 
specific forest problems. 

As determined by the Illinois Soil 
Survey and the Illinois State Natural 
History Survey, more than fifteen 
and a quarter million acres, or ap¬ 
proximately 42% per cent of the 
state was forested originally. This 
forest resource was invaluable to the 
early settlers for fuel, and for fenc¬ 

ing and construction materials, in 
spite of the fact that often the great 
volume of timber resulting from 
clearing the land for agriculture 
could not be utilized. Only after 
thirty years of settlement and forest 
clearing was the agricultural value 
of the unforested prairie land dis¬ 
covered. Timberland adjacent to 
prairie areas was at a premium dur¬ 
ing the period of most rapid settle¬ 
ment. There were no facilities for 
shipping in timber from adjoining 
states. Wood to build and to warm 
prairie farmsteads had to come from 
areas nearby. Where prairie land 
sold for five dollars an acre, wood¬ 
land commonly brought thirty-five 
dollars. 

Now, after one hundred and forty 
years of forest destruction, the forest 
area of the state has been reduced 
from 15% million acres to 3% mil¬ 
lion acres. Much of the original for¬ 
est land should never have been 
cleared. There is general agreement 
that a part of it must be returned to 
timber if it is to become an asset 
rather than a public liability. A be¬ 
ginning has been made—reforesta¬ 
tion is under way. Further study is 
required to determine the specific 
areas of cleared land which should 
be returned to forest, but 2% million 
acres would be quite generally ac¬ 
cepted as a minimum. Thus the com¬ 
bined present forested area and that 
to be reforested is at least six million 
acres—more than one-sixth of the 
area of the state. It is essential to 
our economic and social welfare that 
this land be made fully productive. 

Wood is still essential to agricul¬ 
ture and industry. In 1926 the Na- 
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tural History Survey stated: “In 
the single item of lumber Illinois 
consumes one-thirtieth of the total 
lumber cut of the world.” In the 
aggregate, wood is not being dis¬ 
placed by other materials. New pro¬ 
cesses and products create an ever 
increasing demand for wood in in¬ 
dustry. Nearly all of the lumber 
used in Illinois is now brought in at 
high freight cost from distant points. 
There is no assurance that these 
sources will continue to furnish ade¬ 
quate supplies. 

Recent studies indicate that the 
productive capacity of Illinois wood¬ 
lands has been quite generally un¬ 
derestimated. Full use of our present 
timberland would provide more than 
the annual requirement of the manu¬ 
facturing industries of the state 
which in 1940 used 580 million board 
feet of lumber. Importation of cer¬ 
tain species which will not grow in 
the state would still be necessary, 
of course. The native woodlands are 
almost exclusively hardwood (decid¬ 
uous) species. The open areas avail¬ 
able for reforestation include 300,- 
000 acres of sand which is suitable 
for pine. Our studies indicate that 
this land is capable of producing 500 
to 1,000 board feet of lumber an acre 
each year. Hundreds of thousands 
of acres of heavier soils in northern 
and southern Illinois may also be 
planted to pine. 

Illinois gains relatively little bene¬ 
fit from the employment and pay¬ 
rolls involved in the harvesting, pro¬ 
cessing, and shipping of the timber 
which she must import. As has just 
been indicated, we have in the six 
million acres best suited to timber 
production a resource, which, if 
properly developed and managed, 
can go far towards meeting future 
timber needs while furnishing profit¬ 
able employment to a large number 
of our citizens. Carefully kept rec¬ 

ords show that sixty acres of well- 
managed forest of the type that can 
readily be grown on this land, fur¬ 
nish one man employment in the 
woods or a primary manufacturing j 
plant for 240 days a year. On this ' 
basis, 6,000,000 acres are capable of 
furnishing profitable employment for ' 
100,000 wage earners directly en-1 
gaged in the forest industries. If the 
dependents of these workers are 
taken into account, this area is po¬ 
tentially capable of supporting more 
than a quarter of a million Illinois 1 
citizens; or of providing supple¬ 
mentary income to a much larger f 
number on a part-time basis. 

Among the profitable crops now 
being produced in Illinois woodland 
are fuelwood, fence posts, mine tim¬ 
bers and ties, fiber and chemical i 
wood, pulpwood, cooperage sthves, 
handle bolts, veneer logs, and all 
manner of lumber and timbers for 
home use on farms and for industrial t 
use. Better management of the ex¬ 
isting timberland will frequently i 
treble or quadruple the present rate | 
of timber growth. Even under these 
circumstances the value of maintain- \ 
ing thrifty forests on land not used I 
for other purposes may not be pri- : 
marily in the timber crop. The con¬ 
servation of soil, water, and wildlife 
are inseparably linked with the i 
maintenance and expansion of our 
woodland acreage. The importance 
of forests in meeting the public recre¬ 
ational needs is quite generally rec¬ 
ognized. Fortunately the various 
uses to which forest land may be put 
are not mutually exclusive. Indi¬ 
viduals or the public may own forest 
land primarily for one purpose, but ! 
under a plan of intelligent manage¬ 
ment, secure several or all of the 
benefits of forest cover. 

WHO SHALL OWN THE FOREST LAND? i 

Private ownership: Most of the 
land now in timber, as well as much 
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of that to be reforested, is now a part 
of farms. Where this land is asso¬ 
ciated with sufficient land of real 
agricultural value it will undoubted¬ 
ly remain in farm ownership. It 
should be developed as an integral 
part of the farms on which it occurs. 
The outlook for these areas is most 
ihopeful. Experience has amply dem¬ 
onstrated that good management of 
existing woodland and investment in 
reforestation will yield satisfactory 
returns to farmers. The guidance 
and assistance needed by inexperi¬ 
enced owners can readily be pro¬ 
vided by the expansion of programs 
which already have proved success¬ 
ful. 

Unfortunately much of the present 
woodland and most of the cleared 
and useful primarily for timber pro- 
iuction, though now in farm owner¬ 
ship, is not intimately associated 
with good agricultural land. Whole 
groups of farms include little or no 
oroductive crop land. There is no 
adequate source of income from agri¬ 
culture to support individual owners 
)r the community while timberlands 
ire being rehabilitated and reforest¬ 
ed areas are developing merchant- 
ible timber. There is no local source 
)f funds for reforestation. Limited 
areas of this type will pass into non- 
.arm private ownership for hunting 
and other recreational uses where 
he funds for maintenance and de¬ 

velopment originate outside the local 
community. Other areas may pass 
;o industrial owners who now hold 
?orest land, particularly that which 
s associated with mineral and water 
’esources. New types of industrial 
iwnership may arise. Industries 
Kuch as basket veneer mills may ac¬ 
quire timberland to assure their fu- 
ure supply of logs. Industrial own¬ 
ership for forestry purposes can be 
encouraged and technical assistance 
an be provided for this type of de¬ 

velopment. The profitable develop¬ 
ment of private forestry should be 
aided in every way possible. 

Public ownership: It appears un¬ 
likely that private ownership, even 
with the utmost encouragement and 
assistance, can solve the problem of 
our non-agricultural land. A large 
program of public acquisition, de¬ 
velopment and management seems 
inevitable. Even the most zealous 
proponents of private enterprise 
recognize the necesity of public own¬ 
ership of some classes of forest land. 
This ownership may be predominate¬ 
ly federal, state, county or commun¬ 
ity. All these types of public owner¬ 
ship now prevail in Illinois. The 
total area which will need to be in 
public ownership is unknown but an 
immediate minimum program for 
each type of ownership is needed. 

The principal areas in federal 
ownership are administered by the 
U. S. Forest Service, the U. S. Army 
Engineers and the Soil Conservation 
Service. The Shawnee National For¬ 
est, administered by the Forest Serv¬ 
ice, now includes 200,000 acres. 
Present plans provide for more than 
doubling this area through future 
purchases in ten southern Illinois 
counties. 

The acquisition of land by the 
state and its development as state 
forests are a major factor in the 
forest policy of many states. In fact 
many states are meeting their idle 
land problems primarily in this way. 

Three state forests have now been 
established. Their purchase and de¬ 
velopment is providing valuable ex¬ 
perience to guide future programs. 
That idle land can be acquired, de¬ 
veloped, and administered efficiently 
by the state for the public good is 
being demonstrated in many parts 
of the country. There is ample evi¬ 
dence that, on the basis of lumber 
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value alone, long-time returns will 
show a profit to the state. 

When New York State was con¬ 
sidering a great program for the re¬ 
tirement of submarginal farm land 
by purchase for state forests, her 
agricultural economists held that the 
investment would be justified even 
though not one penny of revenue 
ever came to the state from these 
lands. Their justification was in the 
saving of human misery and public 
expense occasioned by the hopeless 
struggle of those who were induced 
to purchase submarginal farms and 
invest their savings in repairs to 
buildings and in equipment. Under 
its reforestation plan New York 
bought 200,000 acres between 1929 
and 1934. If all costs including pur¬ 
chase, planting, fencing, protection 
from fire, insects and disease, and all 
overhead and supervision costs at the 
state and district level are distrib¬ 
uted over the 200,000 acres, the total 
investment in establishing this state 
forest was twelve dollars per acre. 
The program was financed through 
the authorization of a bond issue of 
$20,000,000 which allowed twenty 
dollars per acre to purchase and de¬ 
velop a million acres. 

Many states have provided that 
tax delinquent land be forfeited to 
the state or county or that it be sold 
promptly at public auction. These 
procedures have brought much idle 
land suitable for forestry into public 
ownership. 

Counties, municipalities, and 
schools may acquire land for forestry 
purposes. All these classes of owner¬ 
ship are represented in Illinois. Two 

or three years ago Illinois gained 
national recognition for its activity 
in establishing community forests, i 
but the accomplishment to date 
merely points the way to larger pro¬ 
grams which must follow. The rec¬ 
ord of the development of commun¬ 
ity forests in this and other coun¬ 
tries deserves careful study as a 
basis for planning in Illinois. 

CONCLUSIONS 

Illinois needs a definite forest 
policy. 

There are at least six million acres 
in Illinois which should be devoted , 
to timber production. 

Intensive use of the area available 
for forestry will furnish profitable 
employment for many wage earners. 

Agriculture and industry in Illi¬ 
nois will continue to require large 
volumes of forest products. 

Existing woodland and plantable 
areas intimately associated with good 1 
agricultural land should be devel¬ 
oped and utilized for the production • 
of wood as an integral part of the 
farm enterprise. 

Much timberland and most of the 
submarginal open land occurs in 
large blocks where it cannot be in¬ 
cluded in farms. Limited areas may ' 
be held for forestry purposes by in¬ 
dividuals and industries. 

Public ownership of large areas 
seems inevitable. Federal, state, 
county, municipal and school forests 
all have a place in the picture. 

There is need for detailed study 
of many factors involved in making 
the potential forest area of Illinois 
fully productive. 
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SOME DEVELOPMENTS IN WARTIME 
AGRICULTURAL PRODUCTION IN ILLINOIS 

OREN L. WHALIN 
University of Illinois, Urbana 

There are always important 
(changes in agricultural production 
during wartime, but they do not al¬ 
ways follow the same pattern. Labor 
and machinery shortages have be¬ 
come major farm problems in this 
war. Feed and food supplies were 
much more plentiful at the begin¬ 
ning of the present war than they 
were in World War I. There is 
greater recognition now of the im¬ 
portance of conserving natural re¬ 
sources. Greater strides have also 
been made in producing increased 
and more effective returns than in 
the last war. 

Agricultural production in Illinois 
falls into two important divisions, 
crops and livestock. Important 
changes in Illinois crops during the 
present war period include marked 
increases in the total acreage devoted 
to major crops, particularly in the 
combined acreage of soybeans and 

' corn, with decreases in small grain 
i and tame hay (Table 1). 

During World War I a larger 
acreage was devoted to important 

J crops at the beginning of the war 
than was the case in the present war, 
19,721,300 acres in 1915 compared 
with 17,880,000 acres in 1940. The 
20,425,000 acres included in the goals 

i of the listed crops for 1944 is prac- 
| tically the same as the 20,410,000 
utilized in 1919. This fact may indi¬ 
cate that this figure is close to the 
desirable maximum. 

The important difference between 
the two war periods, so far as agri¬ 
culture is concerned, is the reversed 
emphasis on small grains and corn 

and soybeans. Small grains increased 
from 37.2 per cent of the total of 
important crops in 1915 to 43.1 per 
cent in 1919; in 1940 they represent¬ 
ed 28 per cent of the total, and the 
1944 goals call for 23.6 per cent, or 
only about 55 per cent of the 1919 
acreage. Wheat is the small grain 
crop which is chiefly concerned. The 
supply of wheat, both in the United 
States and in the entire world, was 
small at the beginning of World War 
I and was exceedingly large at the 
beginning of the present world war. 
Total feed supplies in the United 
States were also large at the begin¬ 
ning of this war. 

With the development of soybeans 
as an important crop in Illinois, both 
oats and corn decreased in acreage 
to make room for them. The soybean 
acreage of 1944 is expected to almost 
double the 1940 acreage. This situa¬ 
tion is partly the result of a demand 
stimulated by the loss of Far East 
vegetable oils and partly of an in¬ 
creased demand for protein meal. 
Corn is also increasing in acreage as 
the war continues and feed supplies 
become shorter, and the 1944 acreage 
may approach that of 1915. 

Another important change in crop 
production has been the marked in¬ 
crease in yields of certain major 
crops. Corn yields increased 25 per 
cent during the nine-year period 
1935-43 over the 1915-23 period. The 
year 1917 was the first year for which 
Illinois soybean yields as grain were 
determined. The soybean yield for 
the 1935-43 period increased 75 per 
cent over the 1917-23 period. For 
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Table 1.—Important Illinois Crop Acreages Harvested, 1916, 1918 1919, 1940, 
1943 and 1944 Goals.* 

Crop 1915 1918 1919 1940 1943 1944 goal 

All corn. 
Soybean grain.... 
Oats. 

9,500,000 
300 

4,340,000 
2,850,000 

90,000 
66,000 

2,875,000 

9,650,000 
2,400 

4,600,000 
2,900,000 

237,000 
250,000 

3,200,000 

8,650,000 
3,000 

4,291,000 
4,103,000 

235,000 
177,000 

2,951,000 

7,645,000 
1,995,000 
3,090,000 
1,745,000 

49,000 
117,000 

3,239,000 

8,532,000 
3,444,000 
3,427,000 
1,018,000 

62,000 
91,000 

2,607,000 

9,000,000 
4,000,000 
3,125,000 
1,500,000 

50,000 
150,000 

2,600,000 

All wheat. 
Rye. 
Barley 
Tame hay. 

Total. 19,721,300 20,839,400 20,410,000 17,880,000 19,181,000 20,425,000 

Corn and soybeans 
Small grain. 

9,500,300 
7,346,000 

9,652,400 
7,987,000 

8,653,000 
8,806,000 

9,640,000 
5,001,000 

11,976,000 
4,598,000 

13,000,000 
4,825,000 

* Federal and state crop and. livestock reporting service. 

the two nine-year periods, wheat and 
hay showed seven and fifteen per 
cent increases respectively for 1935- 
43 over 1915-23. The increase in 
yields being obtained during the 
present war period is due to the de¬ 
velopment of higher yielding vari¬ 
eties, to the improvement of soil fer¬ 
tility and cultural practices, and to 
favorable weather. 

Hybrid seed corn has probably 
added as much as eight bushels to 
the yield of corn in Illinois. The 
AAA figures for the state on farms 
growing both open-pollinated and 
hybrid corn showed 6.8, 10.2 and 
27.7 bushels increase respectively for 
all farms reporting for 1939, 1940, 
and 1941. It should be mentioned 
that as hybrid seed use increased, a 
larger proportion of the open-pollin¬ 
ated acreage was found in southern 
Illinois, and part of the difference 
in yield in 1941 was due to difference 
in soils. Corresponding data for crop 
reporting district 6 (east central Il¬ 
linois) showed 8.0, 8.6 and 13.7 
bushels increase respectively. 

Improved varieties of other crops, 
such as Illini, Dunfield, and Rich¬ 
land soybeans and Tama, Vickland, 

and Marion oats, have increased the 
yields. 

Improved machinery and power 
have added to better cultural prac¬ 
tices and have contributed to per¬ 
forming them on schedule. Records 
of the Farm Bureau Farm Manage¬ 
ment Service over an eight-year per¬ 
iod in north central Illinois showed 
an increase of 9.5 bushels for corn 
and 8.5 bushels for oats due to im¬ 
proved cultural practices used. 

Soil fertility has been improved 
during the last ten years through the 
planting of increased acreages to le¬ 
gume and grass crops. There has also 
been a large increase in the use of 
limestone, phosphate, and mixed fer¬ 
tilizers. A total of only 350,000 tons 
of limestone was used in Illinois in 
1919 compared to about 3,500,000 
tons in 1943, a tenfold increase. 
More than 150,000 tons of phosphate 
were applied by Illinois farmers in 
1943 compared with less than 4,000 
tons in 1919 and earlier years. The 
use of mixed fertilizers has also in¬ 
creased markedly in recent years. 

Large United States and world 
reserves of wheat and large national 
feed supplies at the beginning of the 
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Table 2.—Important Livestock Numbers in Illinois, 1915, 1918, 1919, 1940, 1943 
and 1944.* 

Livestock 1915 1918 1919 1940 1943 1944 

Horses and Mules. 
All Cattle. 
Milk Cows. 
Hogs. 
Sheep. 
Laying Flock. 
Chickens raised... 
Eggs produced.... 

1,612,000 
2,187,000 
1,007,000 
4,358,000 

935,000 

1,617,000 
2,371,000 
1,057,000 
5,111,000 

988,000 

1,614,000 
2,400,000 
1,060,000 
5,724,000 
1,000,000 

22,081,902 
29,893,565 
105,757,907 

650,000 
2,884,000 
1,100,000 
5,750,000 

883,000 
22,953,000 
28,619,000 
161,000,000 

515,000 
3,212,000 
1,168,000 
6,858,000 

874,000 
26,832,000 
48,538,000 
223,417,000 

471,000 
3,244,000 
1,180,000 
7,750,000 

807,000 
28,128,000 
46,000,000a 
232,000,000a 

Horses, Mules 
and All Cattle. . 

Hogs and Sheep. . 
3,799,000 
5,293,000 

3,988,000 
6,099,000 

4,014,000 
6,724,000 

3,534,000 
6,633,000 

3,727,000 
7,732,000 

3,715,000 
8,557,000 

* Federal and state crop and livestock reporting 
a 1944 goals. 

present war have added to the em¬ 
phasis placed on livestock produc¬ 
tion. All livestock numbers in Illi¬ 
nois except horses, mules and sheep 
were up at the beginning of the pres¬ 
ent war and have continued to in¬ 
crease (Table 2). The decrease in 
horses and mules has been offset fair¬ 
ly well by the increase in all cattle. 
Numbers of horses and mules de¬ 
creased 1,151,000 between January 
1, 1915, and January 1, 1944, while 
all cattle increased 1,057,000. The 
increase in dairy cattle numbers has 
been moderate during both war per¬ 
iods, however, sheep numbers actual¬ 
ly increased during the last war but 
they have decreased during the pres¬ 
ent war. Not only were numbers of 
hogs on Illinois farms nearly a third 
larger on January 1, 1940, than on 

January 1, 1915, but they increased 
another 34.8 per cent between Jan¬ 
uary 1, 1940, and January 1, 1944, 

compared with a 31.3 per cent in¬ 
crease between January 1, 1915, and 

January 1, 1919. The poultry in¬ 
dustry did not undergo any major 

changes during the other war period. 

Numbers in laying flocks and num¬ 
bers raised were not greatly different 
on January 1, 1940, from January 1, 

service. 

1919, but egg production in 1940 was 
nearly 50 per cent greater than in 
1919. The increase of hens in laying 
flocks from 1940 to 1944 was 22.5 
per cent and the increase asked for 
in egg production for 1944 is 44.1 
per cent above that of 1940. A 60 
per cent increase is being asked in 
chickens raised during 1944 over 
1940. 

Some of the crop and livestock 
changes of the present war period 
will become permanent, but more of 
them are apt to call for readjust¬ 
ment during the postwar period as 
part of the present markets disap¬ 
pear. A number of recent develop¬ 
ments, such as egg drying, milk 
evaporation, dehydration, use of meat 
stretchers for export products and 
more general use of protein concen¬ 
trates in balancing feeding rations, 
will contribute to a permanently ex¬ 
panded market for some of the prod¬ 
ucts of agriculture. The longer war 
and greater depletion of most con¬ 
sumer goods should extend the pe¬ 
riod of adjustment to normal peace¬ 
time demands. A further tool for 
making satisfactory individual ad¬ 
justments in the postwar period is 
the present machinery for establish¬ 
ing yearly production goals. 
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ANTHROPOLOGY 

NEW EVIDENCE FROM THE FISHER SITE 

JOHN WALLACE GRIFFIN 
University of Chicago 

The Fisher site has occupied an 
important position in discussions of 
Midwestern archaeology since Lang¬ 
ford’s article appeared in 1927 
(Langford, 1927). He published fur¬ 
ther data on the site in two papers 
in these Transactions (Langford, 
1928 and 1930). Two more papers 
resulted from researchs carried out 
by the University of Chicago (Krog- 
man, 1931 and Eggan, 1932). De¬ 
spite this published work and the 
careful notes which Langford graci¬ 
ously placed at the disposal of the 

i Department of Anthropology of the 
University of Chicago, there re¬ 
mained unsolved problems. With the 
aim of excavating to solve certain of 
these problems, a joint expedition of 
the Illinois State Museum, the Uni¬ 
versity of Chicago, and the W. P. A. 
spent approximately nine months at 
the site in 1940 and 1941. The field 
work was under the direction of Mrs. 

! Clretchen Cutter Sharp. Only a brief 
note of the results has so far ap¬ 
peared in print (Deuel, 1940). 
James B. Griffin in his recent sum¬ 
mary (Griffin, 1943) was forced to 

j rely on the older data. 

The Fisher site is located on the 
banks of the Des Plaines River, one 
mile above its confluence with the 
Kankakee, in Will County, Illinois. 

| It is about thirty feet above the river 
I and about two hundred feet from the 
I old bank. The site is a glacial lime- 
I stone gravel deposit overlain by a 

veneer of dark topsoil. On the site 
about twelve mounds and fifty house 
pits are found. 

Four components have been rec¬ 
ognized from the site. The earliest is 
not too well known, and consists of 
dolichocranic burials deep in the 
gravel, mostly unaccompanied by 
grave goods. Second, the Upper Mis¬ 
sissippi component is found. This 
occupation is responsible for the two 
large mounds and the house pits, 
and is the manifestation from which 
the Fisher focus has been set up. 
Third, there is a Woodland com¬ 
ponent associated with the smaller 
mounds. And, finally, there is an 
historic component, the tribal identi¬ 
fication of which presents several in¬ 
teresting ethno-historical problems. 
The present paper is concerned solely 
with the Upper Mississippi compon¬ 
ent. 

Two basic types of Upper Missis¬ 
sippi pottery have been found at the 
site. One is shell-tempered, the other 
grit-tempered. Aside from this dif¬ 
ference in tempering, however, the 
two types are very much alike. Both 
occur in a smooth surface variety and 
in a quite distinctive cord-wrapped 
paddle treatment. Similar treatment 
in the matter of decoration is ac¬ 
corded both. James B. Griffin has 
recently remarked: ‘ ‘ Despite the 
differences between grit- and shell- 
tempered types they are remarkably 
homogeneous in certain respects— 
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vessel shapes, appendages, rim shapes, 
surface finishes, and certain decora¬ 
tive ideas and techniques.” (Griffin, 
1943, p. 279). A problem is raised 
as to whether these two types repre¬ 
sent a sequence, or whether they were 
contemporaneous in whole or in part. 
The answer seems to be that they 
were contemporaneous at least in 
part; sherds of the two types have 
been found together in such a posi¬ 
tion as to indicate this as a practical 
certainty. Beyond that, however, 
Deuel (1940, p. 7) feels that perhaps 
the grit-tempered started earlier, 
while Langford’s data (as used by 
J. B. Griffin, 1943, p. 279) would 
seem to indicate the opposite inter¬ 
pretation. Any final decision must 
await a more complete analysis than 
has been attempted so far. 

One of the major projects of the 
latest researchs at the Fisher site 
was the complete excavation of one 
of the house pits. From this we are 
in a position to state for the first 
time, with certainty, the house type 
of the Upper Mississippi peoples at 
the site. That the house actually does 
belong to the Upper Mississippi com¬ 
ponent seems adequately attested. 
Only Upper Mississippi sherds were 
found within the house, in the wall 
trenchs, and in the postholes. 

We have referred several times to 
the house pits at the site. These must 
not be confused with such archi¬ 
tectural types as the Southwestern 
pit house or the semi-subterranean 
lodge of the eastern Plains. As a 
matter of fact the house pits at 
Fisher merely represent the clearing 
away of the topsoil in order to ob¬ 
tain a clean floor. The topsoil and 
underlying gravel was scraped away 
to perhaps the depth of a foot or 
more, and this material was piled 
around the excavated area, thus 
forming a ridge around the shallow 
depression, and giving an apparent 

depth greater than the actual. This 
feature is not new; the Middle Mis- 
sissippian houses of Fulton County 
have it. In this latter area the top¬ 
soil was removed to provide a clean 
loess floor for the house. 

The house which was discovered 
at the Fisher site was a rectangular 
structure approximately thirty-five 
by twenty-five feet in size, with its 
long axis roughly north-south. This 
is a relatively large structure for the 
region. The average Middle Missis¬ 
sippi house in Fulton County is 
about sixteen feet square. Dwellings 
up to thirty-five feet in length are 
reported from the Kincaid site in 
southern Illinois, but the average at 
the site is much less than this (Ben¬ 
nett, 1944). The majority of the 
houses at the Fisher site probably 
more nearly approximated the stand¬ 
ard Middle Mississippian size. The 
pit in which the house was found 
was one of the largest at the site; 
the majority suggest a house between 
sixteen and twenty feet in size. 

The posts which formed the walls 
of the structure were set in trenches. 
There were two of these trenches, 
roughly parallel, one inside the other. 
The inner trench is consistently shal¬ 
lower than the outer. There seems 
to be no evidence of open cornered 
trenches such as are found in some 
Middle Mississippi houses. On the 
contrary, on at least two corners of 
the outer wall, where the evidence 
is best, there are definite indications 
that the trench was closed. The posts 
themselves were set in the trenches, 
and extended below them for some 
distance into the gravel. On the av¬ 
erage they were .35 of a foot, or 
roughly four inches, in diameter. In 
the outer wall the posts average 
about four to eight inches apart; the 
inner line shows a consistent tend¬ 
ency to be more widely spaced. The 
two lines of posts are about two feet 
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apart. The shallower inner trench 
and the more widely spaced posts 
within it unite to emphasize the 
structural pre-eminence of the outer 

wall. 
Whether the double line of posts 

indicates a double walled structure, 
built so for the preservation of heat 
on the thermos bottle principle, or 
whether it indicates that a bench 
entirely encircled the wall on the 
inside, is a question which cannot be 
answered at present. 

Another feature must be noted. 
On the east wall of the house, and 
almost in the middle of that wall, 
breaks are seen in both the inner and 
outer lines of posts. Presumably this 
was the doorway. In front of this 
doorway, about two feet away and 
parallel to the walls of the house, 
is a short shallow trench containing 
postholes. We may probably inter¬ 
pret this as a wind-break or screen 
protecting the doorway. 

The doorway faces east, towards 
the Des Plaines river. Also, in rela¬ 
tion to the other house pits it faces 
a roughly rectangular area about 
four hundred by two hundred and 
fifty feet in size, about which the 
house pits are grouped. The house 
under consideration is on the west 
side of the area, near the north-west 
corner. Within the rectangular area 
were located Langford’s two large 
mounds, from which the cultural 
stratigraphy of the site was first 
noted. This arrangement suggests 
the plaza arrangement which we 
know from Middle Mississippi sites. 
The mounds at Fisher, however, are 
burial mounds and not the familiar 
Middle Mississippi truncated pyra¬ 
mid. 

The wall covering of the house is 
at present unknown, although ethno- 
botanical study of some of the char¬ 
red material found adjacent to and 

above the wall trenches may provide 
some clue, when the material is an¬ 
alyzed. 

Of the roof structure nothing is 
known at present. The occasional 
postholes found within the house do 
not suggest any interior support, but 
at the same time a span of thirty-five 
feet, with the materials available to 
the Indian, would present structural 
difficulties of the first order. Both 
domed roofs, made by bending the 
green wall poles inward and lashing 
them in place, and gable roofs have 
been found at Kincaid (Bennett, 
1944). Either of these types are pos¬ 
sibilities for the Fisher site. 

Both within the house and outside 
it aboriginal pits were found. The 
contents of these pits have not been 
completely analyzed as yet. A firepit 
was discovered towards the center of 
the house. This pit begins at about 
six inches below the present surface 
of the ground, and indicates once 
again the essential shallowness of the 
house pit. The firepit itself disclosed 
laminations of soil, charcoal, and cul¬ 
tural debris. In the pit was found a 
considerable quantity of Upper Mis¬ 
sissippi sherds, both shell- and grit- 
tempered types, with the shell-temp¬ 
ered predominating. 

Other cultural objects found 
within the house include small tri¬ 
angular projectile points, deer can¬ 
non bone beamers, antler and stone 
celts, scalloped shell spoons, and 
bone fish hooks. 

Anyone familiar with Middle Mis- 
sissippian culture will immediately 
note the great similarity between the 
house described above and those 
from Middle Mississippian sites. So 
far as the author knows, only one 
other house from an Upper Missis¬ 
sippi site has been described. A rec¬ 
tangular house, about nineteen and a 
half by seventeen and a half feet, 
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was found at the Turpin site in Ohio 
(Griffin, 1943, p. 146). The Turpin 
site belongs to the Madisonville focus 
of the Fort Ancient aspect. Thus, 
both instances of Upper Mississippi 
houses indicate a rectangular floor 
plan, very similar to that of Middle 
Mississippi dwellings. 

It is not surprising that the house 
type of this Upper Mississippi site 
should be so like that of Middle Mis¬ 
sissippi sites. Although several hypo¬ 
theses have been suggested to explain 
the origin of Upper Mississippi, all 
of them have recognized the strong 
Middle influences on Upper. 

BIBLIOGRAPHY 

Bennett, John W., 
1944 “A note on Middle Mississippi 

architecture”, American Anti¬ 
quity, vol. IX, no. 3, pp. 333-334. 

Cole, Fay-Cooper and Thorne Deuel, 
1937 Rediscovering Illinois,. Univ. 

Chicago Press. 

Deuel, Thorne 
1940 “Archaeological field work of 

the Illinois State Museum”, 
Quarterly Bulletin of the Illi¬ 
nois State Archaeological So¬ 
ciety, vol. Ill, no. 1. 

Eggan, Fred R. 
1932 “Archaeology of Will County”, 

Trans. Illinois State Acad, of 
Sci., vol. 25, no. 4. 

Griffin, James Bennett 
1943 The Fort Ancient Aspect, Univ. • 

Michigan Press. 

Krogman, Wilton M. 
1931 “Archaeology of the Chicago 

area”, Trans. Illinois State Acad. 
Sci., vol. 23, no. 3. 

Langford, George 
1927 “The Fisher mound group, sue- 

cessive aboriginal occupations 
near the mouth of the Illinois , 
River ”, American Anthropologist, , 
vol. 29, no. 3. 

1928 “Stratified Indian mounds in 
Will County”, Trans. Illinois 
State Acad. Sci., vol. 20. 

1930 “The Fisher mound and village i 
site”, Trans. Illinois State Acad. 
Sci., vol. 22. 

1 

I 



Illinois Academy of Science Transactions, Vol. 37, 1944 41 

MIDDLE WOODLAND CULTURES 

RICHARD S. MacNEISH 
University of Chicago 

The term Middle Woodland, as 
used here, represents a stage of de¬ 
velopment of Woodland culture as 
well as a time period in Illinois pre¬ 
history. This period is delimited by 
the earlier Hopewell peoples and the 
later Mississippian group. As a 
stage of development within the 
Middle Woodland pattern it mani¬ 
fests certain characteristic traits that 
relate it to both early and later 
Woodland groups and other traits 
that represent this particular stage. 
As the sites indicating this stage are 
not numerous and as the develop¬ 
ment of culture is continuous, I qual¬ 
ify the above mentioned hypothesis 
by stating that some of the sites 
chosen as representing the Middle 
Woodland stage may have extended 
after the Middle Woodland time 
period. 

This stage of development is rep¬ 
resented at a number of sites through¬ 
out the southern two-thirds of the 
state of Illinois (and possibly at sites 
in Green County, Indiana, and at 
sites along the Missouri River in 

'Missouri). These sites make up the 
components of the following foci: 
the Lewis focus of Pope and Massac 
counties1, the Raymond focus of 

i Johnson County2, the Parker Heights 
focus of Adams County3, the Maple 
Mills focus of Fulton County4, and 

the Pere Marquette5, and Isring- 
hausen foci6 of Jersey County. In all 
but the first two of these foci, there 
is no stratigraphy indicated and 
their chronological position must be 
established on the basis of trait com¬ 
plexes. 

The traits that are common to 
most of these foci and are charac¬ 
teristic of the Middle Woodland 
stage of development are presented 
in the tabulated summary. Occur¬ 
ence of these traits are indicated by 
an x. 

It has been postulated that peo¬ 
ples having a common complex of 
traits are culturally related. To this 
I add a second postulate that people 
having a common complex of traits 
are temporally related. Having de¬ 
fined my terms and stated the pos¬ 
tulates basic to this study, I shall 
now attempt to solve the major prob¬ 
lem. Specifically, the problem is to 
show that the foci mentioned previ¬ 
ously did exist during certain parts 
of the time period between the Hope- 
well and Mississippi occupations, 
and moreover, to place the Middle 
Woodland cultures in their correct 
sequential position in the various re¬ 
gions where they occur. 

The method employs the use of 
stratigraphic evidence and the com¬ 
parative analysis of traits. Since 

1 Richard S. MacNeish, The Establishment of the Lewis Focus, Master’s thesis, Univ. Chicago, 1944. 
2 Moreau Maxwell, Designation of the Crab Orchard, the Raymond, and the Dillinger Foci of the 

Woodland Pattern, MS, Univ. Chicago, 1940. 
3 James B. Griffin, Archaeological Remains in Adams County, Trans. Ill. State Acad. Sci., Vol. 25, 

No. 4, 1933. 
4 F. C. Cole and T. Deuel, Rediscovering Illinois, Univ. Chicago Press, Chicago, Illinois, 1937. 
5 J. B. Rinaldo, The Pere Marquette Park Sites, Master’s thesis, Univ. Chicago, 1937. 
6 P. F. Titterington, Certain Bluff Mounds of Western Jersey County, American Antiquity, Vol. 1, No. 

1, 1935. 
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I. Burial Customs. 
a) Burials under stone slabs. . . 
b) Multiple burials. 
c) Burials in pits. 
d) Grave goods lacking or rare. 

II. Industries and Art Forms 
a) Knives, triangular in shape. 
b) Projectile points, type I 

side-notched. 
straight-stemmed. 

c) Projectile points, type III 
side-notched. 

III. Pottery Complex 
a) Temper-grit. 
b) Surface finish, 

predominently cord-marked 
c) Decoration, 

notching on the lip. 
incising on the rim. 

d) Shape, 
subconodial base. 
lack of well defined 
shoulder. 

vertical rims. 
IV. General Traits 

a) Sites on bluffs. 
b) Hunting economy. 
c) Small sites. 

I stratigraphy is a more reliable type 
j of data, I shall start with the ex- 
I amination of an area having it and 
then examine regions where se¬ 

quences must be established on the 
[basis of traits. 

In Pope and Massac counties the 
sequence of cultures has been estab¬ 
lished by the University of Chicago 
at the Kincaid and adjacent sites. 

I The sequence is Baumer, Lewis, and 
the Middle Mississippi foci. The 

1 Lewis focus, having the diagnostic 
I traits of the Middle Woodland stage 
of development, is thought to be of 
that time period. This sequence of 
culture can be checked with the se¬ 
quences of cultures found in the 
Carbondale area, which is: Crab Or¬ 
chard, a small period of Hopewell 

intrusion, the Raymond focus, and 
the Dillinger focus. A comparison 
of the Raymond and Lewis traits 
shows these two foci to be culturally 
affiliated and contemporary. Since 
the Raymond focus is superimposed 
on Hopewell remains and the Lewis 
materials are below a Middle Missis¬ 
sippi component, it may be surmised 
that both" the Raymond and the 
Lewis foci are of the Middle Wood¬ 
land period. The inclusion in Lewis 
of such Middle Mississippi traits as 
plates, square houses, olla shaped 
vessels, slipped and painted pottery 
vessels tends to place it a little later 
in the Middle Woodland period than 
the Raymond focus. 

The next region under considera¬ 
tion is that of southwestern Jersey 
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County, specifically the sites at Pere 
Marquette state park. Here strati¬ 
graphy is indicated at the adjacent 
sites, 710a and 710b. At 710a Upper 
Mississippi sherds are found in large 
amounts at the surface and decrease 
in amount at each underlying six- 
inch layer. At 710b there are no 
Upper Mississippi sherds. Thus it 
seems likely that 710b represents a 
late stage of the Middle Woodland 
period whereas 710a seems to have 
been occupied in the later Mississippi 
period. 

In northwestern Jersey County, 
the Isringhausen site is of the Mid¬ 
dle Woodland stage of development. 
No stratigraphy exists at this site. 
However, the occurrence of crema¬ 
tions, stone slab burial mounds, bur¬ 
ial pavements, oblong flint knives, 
pottery grave goods, and plummet 
stones—Hopewell traits—place this 
manifestation early in our Middle 
Woodland period. Contemporaneity 
tends to be negated by the absence 
of any trade pottery from Hopewell 
groups who occupied the adjacent 
area. 

The Parker Height focus of Adams 
County is also lacking in strati¬ 
graphy. Stone slab burial mounds, 
cremations, and fireplaces in the 
burial mounds — Hopewell traits — 
and the inclusion of the Mississippi 
of shell temper and elbow pipes place 
it in the middle part of the Middle 
Woodland period. The Spencer 

component of this focus may be latei 
in time as it has expanded base drills 
a Mississippi trait. 

The components of the Maple Mills, 
focus seem in the main to be later 
than the Middle Woodland Period. 
However, the fact that at the Clear 
Lake site the majority of the pottery! 
of the Maple Mills focus was found! 
under the twelve Mississippi sherds1 
plus the fact that identical cord- 
marked pottery vessels are found in' 
both the underlying Hopewell ma¬ 
terials and the Maple Mills mate¬ 
rials7 indicate that it is of the Middle 
Woodland period. That it extended 
into the Mississippian period is indi-' 
cated by the Mississippi traits such 
as triangular projectile points, raised: 
points on the lips, and shell spoons.8' 

On the basis of the above men¬ 
tioned evidence it seems plausible 
that the sequences of cultures pre¬ 
sented in the accompanying table il-1 
lustrates the chronological position 
of the various Middle Woodland foci.' 
In conclusion a general statement 
may be made concerning part of the. 
history of the Woodland groups: 
that they were a group of related! 
Woodland peoples having a common 
trait complex who had developed | 
from an early Woodland base and 
who occupied portions of Illinois be- 1 
tween the Hopewell and the Missis¬ 
sippi occupations. 

7 E. Schoenbeck personal communication. 
s O. Wray, University of Chicago, informs me 

that he has excavated Maples Mills burials under i 
a Middle Mississippi village. 
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MORE DATA ON CLEAR LAKE VILLAGE 

45 

E. SCHOENBECK 
Peoria, Illinois 

This paper is a further report on 
Clear Lake Village1 cultural objects 
obtained through continued excava¬ 
tions by G. and E. Schoenbeck and 
A. Simpson, members of the Peoria 
Academy of Science. It contains 
more data on pottery, identifications 

itof animal remains from the Schoen- 
iheck collection (other than the Mol- 
iusca reported in 1943), and a list of 
added items new for the site. 

Of particular significance is the 
pottery collected. It now includes all 
types reported by Fay-Cooper Cole 
and Thorne Deuel in ‘ ‘ Rediscovering 
Illinois”, concerned with Fulton 

;County sites primarily; representa¬ 
tions of most pottery described by 
James B. Griffin and Richard G. 

i Morgan in ‘ ‘ Contributions to the 
Archaeology of the Illinois River 
Valley”2 for the Hopewellian and 
the Maples Mills sites of the lower 
Illinois River area; and other. It 
comprises Early Woodland, Early 
Woodland-Hopewellian, Hopewellian 
in many variations of both local and 
imported, Maples Mills in several 
variations, Mississippian of several 

! types, various unidentified speci¬ 
mens and other. 

The richness and inclusiveness of 
i the pottery complex and the signifi¬ 
cance of its features now ranks Clear 
Lake as outstanding among Illinois 
sites reported to-date. It has pro¬ 
duced materials stated by James B. 

j 1 Clear Lake Village, located in Tazewell and 
IHason counties, and originally reported by Drs. 
Fay-Cooper Cole and Thorne Deuel in “Rediscov¬ 
ering Illinois”, University of Chicago publication, 
1937. Reported by E. Schoenbeck in 1940, 1941, 
1942, 1943, Transactions of Illinois State Academy 
)f Science. 

2 Transactions of the American Philosophical So- 
I eiety, 1941. University of Illinois explorations 
I inder direction of Dr. Warren K. Moorehead. 

Griffin of the Ceramic Repository for 
the Eastern United States, Museum 
of Anthropology, University of Mich¬ 
igan, to be rare in Illinois and quite 
important, and is the only site known 
to him in the north which has the 
Marksville red-filmed ware from 
Louisiana. 

Additions of interest include the 
Marksville red-filmed ware (reported 
in 1940 by the writer as Cole and 
DeueUs type No. 4) ; negative paint¬ 
ed rims from the Lower Mississippi 
Valley, including the thickened rim 
and other; sherds comparable to 
Adena plain and to Marksville plain; 
a heavy, extremely coarse tempered 
fiat-lipped ware, cord-roughened on 
both exterior and interior, identified 
as “Red Ochre Ware like Adena 
type, ‘ Fayette Thick ’ ’ possibly the 
same as Cole and DeueUs type No. 
6, the description of which lacked 
mention of rim and exterior surface 
finish. Other identifications include 
an Early Woodland Hopewellian 
with interior boss and an Early 
Woodland with cord-roughened in¬ 
terior and smooth exterior. 

Newer decoration identifications 
comprise chisel stamp, bar stamp, 
depressed band, Morton incising, 
herringbone incising, ridge pinched, 
scoring, gashed incising, and Gono 
cord. 

Identifications of surfaces added 
are brushed, white slip on Hopewell, 
Baumer fabric impressed, plain 
plaited, and cord-wrapped dowel. 
Mississippi ware, in addition to that 
previously reported, has been identi¬ 
fied as Spoon River; Spoon River 
red slip, bean pot; Spoon River with 
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Oneota decoration; “Early Middle 
Mississippi style associated with Old 
Village at Cahokia, depressed back¬ 
ground’’; “Old Village, similar to 
Powell plain”. Various rims could 
not be identified. All identifications 
given here were made by Dr. Griffin. 

Of interest were a Woodland 
smoothed-over cord-roughened rim 
showing a patch extending over rim 
on to both inner and outer surfaces, 
and a Black Sands incised rim with 
decoration continued on to the sub¬ 
surface where an area of the surface 
had apparently slipped off during 
the decorating. One plain rim has 
a little upthrust ear on lip. Decora¬ 
tion on the Black Sand incised ex¬ 
tends on to body; a diamond pattern 
is included in the designs. Walls 
with double curve occur in the Ha¬ 
vana zon'ed stamped. Hopewell rim 
incised includes the cross-hatched, 
the horizontal, and the rocked in¬ 
cising. A highly polished Hopewel- 
lian rim with herringbone incising 
converging at the crest of the inner 
and outer surfaces of a beveled lip, 
is stated by Dr. Griffin to be one of 
the best he has ever seen. 

Occurrences which can be reported 
for the Gooden cord impressed, or 
cord decorated, or Maples Mills 
corded-design ware are designs of 
double rows of alternating plain and 
hatchured triangles; of diamond pat¬ 
tern (found also at Bloomenshine 
and Mossville sites) ; designs of hori¬ 
zontal “lines” as chief rim decora¬ 
tion ; and ungeometrical, though an- 
igular, designs. “Cord punctate” 
is a designation offered by the writer 
as correct for the punctate on this 
ware3. This cord punctate appears 
with the cord lines on much of the 
ware. Two types of cord roughening, 

3 The description of Cole and Deuel’s type 5, 
Maples Mills Corded-Design, in “Rediscovering Illi¬ 
nois” mentions no punctate ; a punch mark (with¬ 
out descriptive term) is mentioned in description of 
Gooden site pottery. 

one quite distinct in appearance and 
quite frequent, occur. A plaim 
smooth vertical rim, with the black} 
angular tempering so much used in! 
this ware, bears a cord imprint in! 
the lip, running around the entire 
circumference. Shapes added to the 
flattened globular olla with vertical, 
neck and the globular olla with ver-l 
tical neck are a sloping necked jar! 
with cord decoration, poorly exe-| 
cuted, and a collared, angular! 
shouldered olla without cord-decora-, 
tion. 

Several miniature vessels are rep-: 
resented among the rims at the site.! 
There is a good representation of fine 
Hopewell, both local and imported. 
Variations in shape and decoration1 
are numerous. Bossing is used con-: 
siderably. It is frequent on the more 
elaborately decorated of the dentate-:: 
stamped and on the heavier cord- 
wrapped-stick decorated. It is rare 
on the rims whose major decoration, 
is punctating. It is present on plain 
ware and on incised rims, including: 
the Black Sand incised. It never 
occurs on the lighter weight of the ’ 
cord-wrapped-stick decorated rims, 
nor on the light weight lip-punctated : 
ware. 

Shapes include, among the Wood- ! 
land and Hopewellian, the wide- 
mouthed, sloping-shouldered jar; the , 
straight-sided pot; the flaring¬ 
mouthed or flowerpot shape; the 
round-bodied pot with vertical neck;1 
the round-bodied with sloping neck; 5 
the incurved rim; the double-curved 
wall; the low bowl with straight side; 
the low bowl with incurved rim; the 1 
low bowl with thickened rim, and 
others. Among the Mississippian 
items are a water bottle with vertical 
neck; an olla with short, abrupt, 
flaring rim; and a short vertical rim. 
A two and one half inch wide sherd 
with two finished edges and bearing 
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Photograph by William Holling 

Pots 1, 3, and 5 (top row) are decorated with cord-wrapped-stick and have cord- 
roughened bodies. 

Pot 2 (top row) has horizontal herringbone decoration on rim, with plain band 
above. 

Pot 4 (top row) is plain and is perforated. 
Pot 6 and 7 (bottom row) are plain. 
Pot 8 (bottom row) is cord-roughened surface, undecorated. 
Pot 9 (bottom row) is a minature, with circle imprint decoration. 
Pot 10 (bottom row) is plain surface, with boss. 
Pot 11 (bottom row) is the red-painted, thickened-rim. 

gashed decoration, has been identi¬ 
fied as an extraordinarily wide strap 
handle, in this ware. 

Rims, lower rims, and decorated 
body sherds now total over 3000 in 
the Schoenbeck collection. Rims col¬ 
lected by Mr. A. Simpson, included 
in earlier reports, number several 
hundred. Around 75 pot portions 
•sufficient for projection have been 
collected. Eleven projected vessels 
from the Schoenbeck material are 
shown in the illustration; seven were 
projected by the Illinois State Mu¬ 
seum, the others, by Mr. Simpson. 

Other cultural objects to be re¬ 
ported here are a third copper pin; 

another snailshell cache; a C-shaped 
copper bracelet; a calcaneus bone 
with perforation; a portion of turtle 
carapace with perforation; a portion 
of branched antler with perforation. 
A 7-inch, curved, antler ‘‘chipper” 
is another item. Two stone objects 
are a portion of a flat oblong stone 
with wide, shallow, flat, central 
groove, perhaps a part of a shaft- 
straightener, and a celt-shaped ob¬ 
ject with one lengthwise edge un¬ 
thinned, flat and smooth. 

It must be reported that the site 
was largely destroyed in 1943 by still 
further extensive excavation of ma¬ 
terial for road and dike rebuilding. 
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Only a small portion of the large 
number of bones were submitted for 
identification. Of mammals, seven¬ 
teen species, including human bones, 
are represented. Of interest is the 
beaver, now extinct in Illinois, and 
the otter, stated to be practically 
absent from the state excepting in 
the southern part where it is rare. 
Deer bones were the most abundant, 
being exceedingly numerous. Of sig¬ 
nificance, perhaps, is the fact that 
practically all bones with the ex¬ 
ception of the very small ones and 
of the human ones, were broken. 
Bison remains included a skull, pre¬ 
viously reported. 

In the fish, twelve species and 
families were identified by Dr. Reid 
and three were added by Dr. Han¬ 
sen, through identification of fish 
scales. Of interest are the otoliths 
of the drumfish, or sheepshead, also 
frequent on other sites. They are 
all sacculiths, one of three pairs of 
bones in the auditory capsule of 
fishes, the other pairs, the utriculiths 
and the lagenaliths, not being repre¬ 
sented. Dr. Reid could offer no rea¬ 
son for this difference in representa¬ 
tion other than size, perhaps, the 
others being smaller. 

Thirteen species of bird bones 
were named for the site. The chicken 
bone identified among them was sug¬ 
gested by Dr. Friedmann as being 
probably a whiteman’s intrusion into 
what might well be an old site. 

The Reptilia is represented by 
turtle remains, only. These are very 
numerous at the site. 

A comparison with the animal re¬ 
mains from the Kingston Lake Vil¬ 
lage, a Mississippian site not far 
distant, considered more recent, 
shows mammals, including humans, 
Clear Lake 17, Kingston Lake 14; 
Birds, Clear Lake 12 (minus the 
chicken), Kingston Lake 31; Fishes, 

Clear Lake 15, Kingston Lake 6; 
Reptilia, Clear Lake 4, Kingston* 
Lake 2; Mollusca, Clear Lake 37 
(24 mullusks, 13 gastropods), Kings¬ 
ton Lake 23 (21 mussels, 2 snails).; 
The Kingston Lake total of 21 species! 
of mussels, published in 19364, was 
stated by Frank Collins Baker, Uni¬ 
versity of Illinois, to be the largest1 
number of species of mussels report-, 
ed from any kitchen midden deposit 
yet recorded. The Kingston Lake 
total representation would be raised 
to 22 with inclusion of the conch 
shell, used for several tools. It is of 
interest that Clear Lake exceeds this, 
having a total of 24. The difference 
in bird remains, Clear Lake 12 
(minus the intrusive white man’s 
chicken bone) and Kingston Lake 
31, could have significance. It might 
suggest that the Clear Lake people 
depended in much lesser degree upon 
birds as an article of food. The 
excess in Mollusca at Clear Lake 
over Kingston Lake, 37 to 24, is 
noted. 

Identification of animal remains 
given in this report include those of 
mammals, birds, reptiles and fishes. 
The material was identified by sci-; 
entists in the United States National 
Museum and in the Illinois State 
Natural History Survey, and the 
thanks of the writer are due these 
specialists for their exceedingly; 
painstaking work in identifying even 
the most fragmentary material. The 
naming of the groups should be 
credited to the following persons: 
Mammals. Dr. David H. Johnson, 

United States National Museum. 

Birds. Dr. Herbert Friedmann, Cur¬ 
ator of Birds, Smithsonian Insti¬ 
tution. 

Reptiles. Dr. Doris M. Cochran, As¬ 
sociate Curator of Reptiles, Smith¬ 
sonian Institution. 

4 Transactions of the Illinois State Academy of 
Science, 1936. 
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Fishes. Mr. Earl D. Reid, Senior 
Scientific Aid, Division of Fishes, 
Smithsonian Institution, and Dr. 
Donald F. Hansen, Assistant Zo¬ 
ologist, Illinois State Natural His¬ 
tory Survey Division. 

List of Species Represented 

MAMMILIA (MAMMALS) 

Deer, Odocoileus (probably white-tailed 
deer, 0. virginianus): 49. Antler 
fragment, 7; ear bone 5; vertebrae, 
5; skull fragment, 4; atlas, 4; as¬ 
tragalus, 4; calcaneum, 4; mandible, 
3; axis, 3; distal phalanx, 2; medial 
phalanx, 2; tooth, 2; scapula, 1; 
innominate, 1; radius, 1; rib, 1. 

Elk, Gervus canadensis: 16. 
Tooth, 5; metatarsus, 3; calcaneum, 
2; scapula, 1; innominate, 1; hu¬ 
merus, 1; skull fragment, 1; atlas, 
1; vertebrae, 1. 

Bison, Bison: 18. 
Proximal phalanx, 3; tibia, 3; hu¬ 
merus, 2; ulna, 2; scapula, 2; as¬ 
tragalus, 2; medial phalanx, 1; 
patella, 1; rib, 1; radius, 1. 

Dog, Canis familiaris (Some of the bones 
might be coyote, Canis latrans): 31. 
Mandible, 10; rib, 4; phalanx, 3; 
vertebrae, 3; femur, 2; tibia, 2; 
skull fragments, 2; calcaneum, 1; 
astragalus, 1; innominate, 1; atlas, 
1; radius, 1. 

Raccoon, Procyon lotor: 46. 
Loose teeth, 21; mandible, 10; skull 
fragment, 8; penis bone, 2; hu¬ 
merus, 2; ulna, 2; radius, 1. 

Badger, Taxidea taxus: 3. 
Mandible, 2; skull, 1. 

Mink, Mustela vison: 11. 
Mandible, 8; femur, 1; ulna, 1; in¬ 

nominate, 1. 

Black bear, Euarctos americanus: 2. 
Upper canine, 1; calcaneum, 1. 

Otter, Lutra canadensis: 3. 
Humerus, 1; ulna, 1; tibia, 1. 

Wolf, Canis lupus: 1. 
Mandible, 1. 

Bobcat, Lynx rufus; 2. 
Humerus, 1; femur, 1. 

Muskrat, Ondatra zibethica: 27. 
Mandible, 10; femur, 5; tibia, 4; 
innominate, 3; skull fragment, 2; 
humerus, 2; atlas, 1. 

Beaver, Castor canadensis: 12. 
Vertebrae, 5; femur, 1; mandible, 1; 

lower incisor, 1; upper incisor, 1; 
tibia, 1; sacrum, 1; humerus, 1. 

Pocket gopher, Geomys breviceps: 9. 
Mandible, 4; skull, 2; upper incisor, 
2; humerus, 1. 

Pox squirrel, Sciurus niger: 1. 
Skull, 1. 

Cottontail, Sylvilagus: 1. 
Tibia, 1. 

Human; 6. 
Proximal phalanx, 2; femur, 1; rib, 
1; sacral vertebrae, 1; metatarsal, 1. 

AVES (BIRDS) 

Blue-winged Teal, Querquedula discors 
Humerus, 1. 

American Widgeon, Mareca americana 
Ulna, 1. 

Pintail, Dafila acuta 
Humerus, 1. 

Black Duck, Anas rubripes 
Ulna, 1. 

Wood Duck, Aix sponsa 
Ulna, 1. 

Pied-billed grebe, Podilymbus podiceps 
Tibiotarsus, 1. 

Large Hawk, unident 
Claw, 1. 

Wild Turkey, Meleagris gallopavo, 5 

Canada Goose, Branta canadensis, 6 

Shoveler Duck, Spatula clypeata, 1 

Black Duck, Anas rubripes, 2 

Crow, Corvus brachyrhynchos, 1 

Baldheaded Eagle, Haliaeetus leucoceph- 
alus, 1 

Chicken, Gallus domesticus, 1 

REPTILIA (TURTLES) 

1 complete carapace of Terrapene, also 
small shell and bone 

Fragments of shells of Pseudemys 

Fragments of shells of Amyda 

Fragments of bones of Chelydra 

PISCES (FISH) 

Bowfin, Amia calva 
Left opercle, 5; right opercle, 12; 
gular plate, 5; left postorbital, 1; 
right shoulder girdle, 1; left shoulder 
girdle, 1; lower left postorbitai, 1; 
left posterior branchiostegal ray, 1; 
left branchiostegal ray, 4; left sub- 
opercle, 1; right posterior branchio¬ 
stegal ray, 1; left dentary (posterior 
fragment) 1; head bone, 1; verte¬ 
brae, 2; splenial, a thin bone lying 
on inner surface (articular) 1; 
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maxillary, 1; dentary, 6; parasphen- 
oid, 1. 

Catfish, Ameiurus sp. 
Right articular and mandible, 1; 
dentary, 1; scapular, 3 and frag¬ 
ments 3; Modified vertebrae and as¬ 
sociated bones of the Weberian ap¬ 
paratus, 1; Modified anterior verte¬ 
brae and associated bones of the 
Weberian apparatus, 2; abdominal 
vertebrae; Quadrate, Metapterygoid, 
Entopterygoid, Symplectic (right 
side of head) fragment of shoulder 
girdle, 2; right pectoral spine, 1; 
left pectoral spine, 1; scapular arch, 
fragments, 4; right articular (frag¬ 
ment) ; dorsal spine, 1. 

Drumfish, Aplodinotus grunniens 
First interhaemal spine, 2; left half 
of the lower pharyngeal, 1; upper 
right half of the pharyngeal, 1; sec¬ 
ond anal spine, 3; dorsal spine, 1; 
maxillary, 1; pharyngeal teeth; 
otoliths, 

Buffalo-fish, Ictiobus sp. 
Right opercle, 1; opercle (frag¬ 
ment), 1; maxillary, 1; vertebrae. 

Black bass, Micropterus sp. 
Right articular, 1; lower part of 
scapular arch (fragment); upper 
part of scapular arch (fragment); 
right interopercle, 2; dentary; in- 
teropercle (fragment); posterotem¬ 
poral; Epihyal; ceratohyal. 

Gar, Lepisostus sp. 
Dentary (fragment of lower jaw); 

palatine (fragment) 2; left dentary 
(fragment); right dentary (frag 
ment); parasphenoid, 2. 

Sucker, Moxostoma sp. 
Right pharyngeal bone and teeth; 
hypural; pharyngeal and teeth; 
shoulder girdle, 2. 

Pike, Pickerel, Esox sp. 
Dentary, 2. 

Carp, Garpiodes cyprinus 
Right maxillary. 

Carp-sucker, Garpiodes carpio 
Maxillary; subopercle; preopercle. 

Carp-sucker, Garpiodes sp. 
Post clavicle; maxillary (frag¬ 
ment); various ribs; posterotem¬ 
poral. 

Teleost 
Vertebrae, 4; fragments, 4; subop¬ 
ercle; opercle (fragment); Hypur¬ 
al; dorsal spine, 3; interhaemal 
spine; brancheostegal ray, 2. 

Centrarchid 
Preopercle (fragment) 

Identification of Fish Scales 

By D. F. Hansen 

Dogfish, Amia calva 

Sunfish, Gentrarchidae 

Gar, Lepisostens 

Crappie, Pomoris 

Sheepshead, Aplodinotus grunniens 

Buffalo, Ictiobus 

Quillback, Garpiodes 

i 
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BOTANY 

EASTERN WHITE PINE AS A TIMBER TREE 
IN ILLINOIS 

RALPH W. LORENZ 
Department of Forestry, University of Illinois, Urbana 

The lumber industry in the United 
States was founded on eastern white 
pine, Pinns strobus L. White pine 
lumber from the Lake States played 
a leading role in the rapid develop¬ 
ment of the Middle West. The tree¬ 
less prairies of Illinois took tremend¬ 
ous quantities of white pine lumber 
for their development. 

From a period extending from 
shortly after the Civil War to ap¬ 
proximately the beginning of the 
twentieth century the Lake States 
produced more lumber than any 
other region in the United States. 
This production was made possible 
by its extensive stands of virgin 
white pine. Many of these stands 
contained trees 200 to 300 years old, 
150 to 200 feet high, and 4 to 7 
feet in diameter. Today the Lake 
States produce about 3 per cent of 
the country’s lumber production. 

King white pine was the name 
given to this tree by a group of New 
York foresters to emphasize the in¬ 
herent qualities of this species and 

1 to put it, so to speak, in a class by 
itself. It has been called the wood 

| of a thousand uses. White pine has 
j been put to a greater variety of uses 
than any other species. It has a uni¬ 
form texture, possesses a straight 
grain, kiln dries well, shrinks little, 
and is easy to work with tools. It 
can be glued readily and does not 

split easily when nailed. The wood 
is light in weight, moderately soft, 
and holds paint well. Although 
moderately weak, this is not a limit¬ 
ing factor in its many uses. White 
pine lumber is ideally suited to the 
construction of almost any part of a 
house. Handsome houses built of 
white pine in New England some 200 
years ago are still in excellent condi¬ 
tion. In the past when the supply 
was abundant, its principal use was 
construction. The second-growth ma 
terial now found on the markets com¬ 
prises the lower grades and is used 
largely in box construction. The 
more exacting demands of the pat¬ 
tern and casting industry utilize the 
best grades. Knotty pine is used ex¬ 
tensively for interior trim. Other 
uses are for sash, doors, toys, finish 
trim, flooring, car construction, 
woodenware, caskets and signs. 

Eastern white pine is native to 
northern Illinois. The southern limit 
of its range in this area was repre¬ 
sented by a two-acre stand on the 
west bank of the Spoon River in 
Knox County. These trees have been 
cut. A few scattered trees occur on 
the banks of the Illinois River in La¬ 
Salle County, in the Apple River 
Canyon in Joe Daviess County and 
on the banks of the Mississippi River 
in northwestern Illinois. The largest 
single natural stand comprises the 
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White Pine Forest State Park in 
Ogle County. These trees are ap¬ 
proximately 100 years old, 100 feet 
high and the larger ones are close 
to 30 inches in diameter. 

Eastern white pine is the most 
valuable conifer that can be grown 
for forest products in Illinois. It 
has lost some of its favor as a re¬ 
forestation species in New England 
and Lake States because of its sus¬ 
ceptibility to white-pine blister rust 
Cronartium ribicola Fischer, and 
white-pine weevil Pissodes strobi 
Peck. White-pine blister rust has not 
been found on white pine in Illinois. 
The intermediate stage of the rust 
has been found1 on currants and 

['gooseberries. Local eradication of 
these bushes from the protective zone 
of the pine stand will insure protec¬ 
tion from the disease. The presence 
| of the white-pine weevil in Illinois 
: was reported for the first time Sep¬ 
tember 1943 by Ernest D. Bergeson*, 
state leader of white-pine blister-rust 
control in Illinois. The specimen 
was identified by Dr. MacAloney, 
forest entomologist for Region 9 of 
the United States Forest Service. 

If white-pine forests are to be 
made an important source of timber 

I in this state through planting, it is 
essential to have the facts regarding 

[the commercial possibilities of this 
tree. Table 1 presents a detailed 

1 tabular statement on the growth and 
(yield of white pine in central and 
(northern Illinois. The growth data 
for white pine indicate very definite¬ 
ly that it cannot be grown profitably 
on the heavier prairie soils i.e., clay 

j and silt loams. The high land values 
of good prairie soils and the rapid 
decline in growth-rate of this species 
after 20 or 30 years are the limiting 
factors. With some 3,000,000 acres 
of land in Illinois of questionable 

agricultural value and suited pri¬ 
marily for the growing of forest 
trees, there seems little justification 
to plant trees on the better prairie 
soils, except for windbreaks and 
farm woodlots of a highly specialized 
nature and subject to very intensive 
management. The young white pine 
plantations now growing on dune 
sands (No. 53 Plainfield fine sand 
and No. 54 Plainfield sand) in Ma¬ 
son, Henderson, and Bureau coun¬ 
ties show excellent vigor and are 
growing rapidly. If this growth-rate 
is maintained in the older ages on 
these sites, it will be apparent that 
many acres of land too poor for agri¬ 
culture can be planted to white pine 
as a valuable forest crop. Future 
development of young red, white, 
and jack pine plantations now grow¬ 
ing on these dry sand areas may, 
however, prove that red and jack 
are better suited to these sites. 

The growth data for plots Nos. 
113, 114, 115 and 116 as found in 
Table 1 offer real encouragement for 
planting white pine in northern Illi¬ 
nois. These plots are growing on 
Plainfield fine sand and are located 
on the hilly area in the Sinnissippi 
Forest lying along Rock River in 
Ogle County. Heretofore, these dry 
ridges supported a very low-quality 
black oak, Quercus velutina Lamarck, 
producing less than 25 cords of fuel- 
wood per acre at 60 years. None of 
these trees were of saw-log quality. 
Previously these areas had been 
grazed with degrading consequences. 
The site quality for the pine on the 
ridges is slightly better than 2 while 
the lower slopes are site quality of 1 
or not quite so good. 

Lumber yields of eastern white 
pine as given by Frothingham2 are 
shown in Table 2. 

The yield of 60,200 board feet per 
acre for site I at age 60 is equivalent 
to over 1,000 board feet per acre per * By correspondence of September 1943. 
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Table 2.—Yield per Acre in Lumber of Even-aged Second-growth 

White-pine Stands 

Age 

Lumber Yield Per Acre 

Site Quality I Site Quality II Site Quality III 

20. 

Years Board Feet 
4,500 
8,400 

13.900 
22,500 
32.800 
41.800 
49.100 
55,000 
60,200 
65.100 
69.900 

Board Feet Board Feet 

25. 5,400 
Q Ron 30. er onn 

35. 
a ? OUU 

1 ^ QOO 
O . OUU 

9,300 
14.200 
19.200 
24.100 
29,000 
33,600 
38.100 
42,300 

40. 
1 O j *7 uu 
OQ Cfif) 

45. 
,uuu 

Qf) ROO 
50. 

ou?uuu 
QR ROO 

55. 
ou 7uuu 

49 non 
60. 

L±Li 7 UUU 
4fi qno 

65. 
t:U , c/UU 

roo 
70. 

U17uuu 
^r i on OU 7 1uu 

Table 3. Estimated Cost of Growing Eastern White Pine in Northern Illinois 

Planted in Ogle County, 1905 

Items of Cost 

Time of 
occurrence 
Years after 

planting 

Compounded 
For years 

Cost 

Cash 
invested 

Per Acre 

Accumulated 
to 60th vear 

at 3% 

Planting 
Stock, 1200 trees at $12 per M 0 60 $14.40 $84.84 
Transportation. 0 60 2.00 11.78 
Labor at 30 cents per hr. plus 
supervision. 0 60 10.00 58.91 

Pruning 200 trees per acre; 1st. . . 15 45 2.40 17.55 
2nd... 18 42 2.00 11.49 
3rd... 21 39 3.60 18.84 

Protection 
Fire, Annual charge 5 cents. . . . 3.00 8 15 
White pine blister rust, Initial 

eradication $2.00. 2.00 11 78 
White pine, Annual charge 6 
cents. _ . 3.60 9.78 .1. 

Administration, Annual charge 50 
cents. 30.00 81.53 

Interest on land investment1. 0 60 47.702 233.33 

Taxes $ .15 in 1905 to $ .26 in 
1942 (Remaining est.). Annually 0-60 16.23 41.06 

$136.93 589.04 

1 Land cost $47.70 per acre in 1905. 
2 Owner still possesses land after forest is removed. 
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Table 4.—Estimated Returns from Growing Eastern White Pine in Northern 

Illinois 

Planted in Ogle County, 1905 

Operation 
Product and Quantity 

Obtained 

Time of 
occurrence 
Years after 

planting 

Interest 
compounded 

for yrs. 

Returns per acre 

Original 
Accumulated 

to 60th yr. at 
3% 

1st thinning. . 391 posts at 10 cents 
34 

34 

26 

26 

$ 39.10 

13.07 

$ 84.32 

28.19 
1634 bd. ft. at $8.00 

per M . 

2nd thinning.. 270 posts at 10 cents 
per post. 40 

40 

20 

20 

27.00 

14.37 

48.76 

25.95 
1437 bd. ft. at $10.00 

per M . 

3rd thinning. . 142 posts at 10 cents 
per post. 

5813 bd. ft. at $12.50 
per M . 

45 

45 

15 

15 

14.20 

72.66 

22.10 

113.20 

4th thinning.. 16 posts at 10 cents 
50 

50 

10 

10 

1.60 

92.40 

2.15 

124.18 
6160Pbd.Pft. at $15.00 

per M. 

I 5th thinning. . 4750 bd. ft. at $18.00 
per M. 55 5 85.50 99.12 

Final cut. 52,769 bd. ft. at $20.00 
per M. 60 0 1055.38 1055.38 

$1415.28 $1,603.35 

Gross receipts $1,603.35 
Total Cost 589.04 

I Net Profit $1,014.31 
$16.91 per acre per year net profit 

year. Intermediate cuttings in the 
form of thinnings should add an¬ 
other 20,000 board feet giving a 
gross yield of 80,000 feet. This goal 
can be achieved only with the appli¬ 
cation of intensive forest manage¬ 
ment. In addition to the lumber yield 
approximately 800 seven-foot fence 

I posts will be obtained from the trees 
4 through 9 inches in diameter. 

Plots 113 through 116 in Ogle 
County were thinned at age 34. Bet¬ 

ter development would have resulted 
from thinnings made 10 to 15 years 
earlier. All crop trees were pruned 
through the first 16-foot log. That a 
financial rotation from 60 to 70 years 
is suitable is suggested by the growth 
of old white pine on a somewhat sim¬ 
ilar site on the White Pine State 
Forest which lies 8 miles west of the 
Sinnissippi Forest. 

Table 3 shows the estimated costs 
of growing white pine in Ogle Coun¬ 
ty under conditions as outlined in 
the table. This land actually cost 
$47.70 per acre in 1905. Tax state¬ 
ments for these lands during the 
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period from 1905 through 1942 were 
secured from the Ogle County Court 
House. The yield data secured in the 
first thinning at age 34 are actual. 
Subsequent yield data from thin¬ 
nings and the final cut were careful¬ 
ly estimated from yield and stand 
tables for a comparable site. All cost 
data were carried from time of oc¬ 
currence to the end of the 60 year 
rotation at 3 per cent compound in¬ 
terest. The largest single item of 
cost was $233.33 which represents 
the interest on the land investment 
of $47.70 for 60 years. 

Table 4 gives the estimated returns 
from growing white pine on this 
same area. All cash returns were 
carried from time of occurrence to 
the end of the rotation at 3 per cent 
compound interest. The net profits 
at the end of 60 years were $1,014.13 
per acre. This is equivalent to a net 
profit of $16.91 per acre per year. 
Sinnissippi Forest possesses its own 
sawmill. It has a ready market in 
nearby Oregon and Rockford for 
treated fence posts, fuelwood and all 
types of lumber sawed to specifica¬ 
tion. Additional revenue can be ex¬ 
pected as a profit on logging, saw¬ 
milling and marketing of products 
manufactured by forest labor. 

The remaining pine plots in Table 
1 are typical forest plantations 
found on Illinois farms. For the 
most part they are overgrazed, either 
understocked or overstocked, and 
have had no care since they were 
set out. Under their present condi¬ 
tions they offer little chance of sup¬ 
plying badly needed lumber for the 
farm. From an investment stand¬ 
point they must be considered a 
failure. 

Extensive areas of light sandy 
soils along Rock River in Ogle Coun¬ 
ty are, at the most, now returning 
only small amounts of fuelwood and 1 
meager grazing of low forage value. 

The possibility of securing a net 

profit from growing white pine at 

$16.91 per acre per year, in addition 

to 3 per cent on invested capital, 

affords an excellent opportunity for ■ 
these areas. 
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NOTES ON SOME PLANTS THAT ARE RARE 
IN ILLINOIS 

GEORGE D. FULLER 
Illinois State Museum, Springfield, 

and The University of Chicago 

These notes are offered in the hope 
they may stimulate research and may 
result in the extension of the ranges 
of these species. As yet the flora of 
Illinois is very imperfectly known 
and with the growth of cities and 
towns many of the original habitats 
have vanished or are disappearing. 
The known occurrence of the follow¬ 
ing species is evidenced by specimens 
in the herbaria of the University of 
Illinois at Urbana, The State Mu¬ 
seum at Springfield, or the Chicago 
Natural History Museum (Field Mu¬ 
seum) at Chicago. 

The Canada yew, Taxus canaden¬ 
sis Marsh., is limited to the north- 

\ western part of the state where it 
occurs on the high banks of the Rock 
River in Winnebago County; on 
limestone cliffs at Warren and Apple 
River Canyon State Park in Jo 
Daviess County; on limestone rocks 
along Carroll Creek, near Mount 

I Carroll, Carroll County; on lime¬ 
stone cliffs at White Pines Forest 
State Park, Ogle County, and on a 

I hillside over limestone rocks along 
Franklin Creek, near Franklin 

1 Grove, Lee County. There are also 
a few individuals on the walls of the 
canyons of Starved Rock and Mathi- 
son State Parks, La Salle County 
and a small stand persists on the 
rocky banks of Rock Creek, Kanka- 

I kee County. 

The northern white cedar, Thuja 
occidentalis L., is a tree which has a 
very scattered distribution in Illi¬ 
nois, being limited to a very few 
individual trees with sparse repro¬ 

duction and growing in widely sep¬ 
arated stands. A few occur along the 
high bluffs of the shores of Lake 
Michigan in Lake County and there 
is a small stand near the city of 
Elgin in Kane County. In La Salle 
County it is to be found on the rocky 
bluffs of the shores of the Illinois 
River and on the sides of the canyon 
slopes of Starved Rock State Park. 

Although the mountain ash, Sor- 
hus americana Marsh., is used for 
ornamental planting, it is very rare 
as a native forest tree. Waite found 
it near Oregon, Ogle County, in 
1888, but there seems to have been 
no other record for fifty years until 
it was rediscovered by G. N. Jones 
and the writer near Oregon in 1944. 
There they found a fair sized tree 
and three saplings. 

The little bunch-berry, Cornus 
canadensis L. seems to have entirely 
disappeared from Chicago and Cook 
County where it was collected be¬ 
tween 1880 and 1900, and at Oregon, 
Ogle County, where it was found in 
1888. The only collections which 
seem to have been recorded during 
the present century are those of E. 
J. Hill, 1905, in the bog at Wau- 
conda, Lake County, and of D. T. 
Ries, in 1942, on one of the canyon 
walls in Starved Rock State Park. 
It may be looked for and probably 
found in some of the bogs of Lake 
and McHenry Counties. 

The round-leaved dogwood or cir- 
cinate dogwood Cornus rugosa Lam. 
(C. circinata) is a northern species 
that occurs scattered through Lake 
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County and has been collected in Lee 
County. Other collections seem to be 
absent from all herbaria but it should 
be sought (and probably found) be¬ 
tween Lake and Lee Counties. 

Many of the Ericaceae are absent 
or rare in Illinois. The large-leaved 
shin leaf, Pyrola elliptica Nutt, seems 
to have disappeared, although sev¬ 
eral collections were made in Cook, 
Lake, and Winnebago Counties about 
1880. The round-leaved wintergreen, 
Pyrola rotundifolia var. americana 
(Sweet) Fern, has recently been col¬ 
lected in Lee County in moist woods 
along Franklin Creek. 

There seems to be a single collec¬ 
tion each of Kalmia glauca L., the 
pale laurel, and of Andromeda poli- 
folia L. There are no records of their 
occurrence during the past 40 years. 

There seems to be only a single 
record of the pinesap, Monotropa 
hypopitys L., a close relative of the 
little Indian pipe. It was collected 
in Elk Grove, Des Plaines, Cook 
County, in 1943 by Gordon Pearsall. 

The aromatic wintergreen, Gaul- 
theria procumbens L., has been re¬ 
ported only from Cook County where 
it seems now limited to a very small 
stand near Elk Grove, Des Plaines, 
Cook County. 

The Canada blueberry, Vaccinium 
canadense Kalm. was formerly found 
by Babcock and by Hill in Cook 
County (1882, 1887) but it has 
doubtless long since disappeared. It 
now seems to be limited to Starved 
Rock State Park, La Salle County, 
and Castle Rock, Ogle County, where 
it occurs on St. Peters sandstone. 

Two related species, the high blue¬ 
berry, Vaccinium corymbosum L. and 
the large cranberry, Vaccinium ma- 
crocarpon Ait. are limited to bogs. 
Very few collections of them seem 
to have been made at any time. The 
former has been collected from a bog 
near Volo, Lake County and the lat¬ 
ter from a bog near Lake Villa, Lake 
County. They both probably occur 
in other bogs in Lake and McHenry 
Counties. 
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A SIMPLIFIED LABORATORY METHOD OF TESTING 
THE TOXICITY OF FUNGICIDES 

J. E. YOUNG 
Illinois State Normal University 

The need of increased food pro¬ 
duction is greater today than it has 
ever been. Science is meeting this 
need by three approaches: (1) giv¬ 
ing the plant its optimum growing 
conditions; (2) improving the germ 
plasm through the science of gen¬ 
etics; and (3) protecting the plant 
from its enemies by means of pro¬ 
tective fungicides and insecticides. 
Regardless of the perfection of the 
first two factors a plant cannot ob¬ 
tain its maximum productivity if the 
last factor is neglected. 

For years Bordeaux mixture and 
lime-sulphur have been the two 
standard protective fungicides. Re¬ 
cently, however, chemistry has sup¬ 
plied many new complexes designed 
to improve the protective efficiency 
of fungicides. The production of a 
new fungicide requires careful test¬ 
ing before it can be recommended 
for public use. Testing of fungicides 
has generally been done in the field 
on the plants to be protected, but 
this procedure is costly in both time 
and materials. The work described 
in the present paper was undertaken 
to determine whether a laboratory 
method could be devised that would 
permit reliable comparisons to be 
made as to the relative toxicities of 
both old and new protective fungi¬ 
cides. The method proposed herein 
does not claim to eliminate field 
trials, but it will give some informa¬ 
tion as to the relative toxicity of a 
preparation to fungus spores before 
it is sprayed on the plant to be pro¬ 
tected. It is recognized that a method 
in which glass slides are used is lim¬ 

ited in its scope, since reactions be¬ 
tween the fungicide, the leaf, and 
the fungus cannot be tested, however 
these reactions can be studied by 
field tests which should naturally 
follow. 

The possibility of fungicide testing 
in the laboratory is not new. Nu¬ 
merous methods have been suggested, 
such as bringing the fungus into 
contact with the fungicide in suspen¬ 
sion or in solution- (Burrill) (Ham¬ 
ilton et al.) or in an agar medium 
(Palmiter). These methods may have 
rendered useful information but they 
do not test the toxic relationship of 
the spore and a dry deposit of the 
fungicide such as used in the field. 
The first investigators to evolve a 
method on this basis were Reddick 
and Wallace in 1910. Their method 
proposed the spraying of slides or 
cover slips with an atomizer until a 
visible uniform deposit was attained. 
Such a spore-fungicide relationship 
was an improvement over the meth¬ 
ods previously mentioned, however 
its limitation centered around the 
difficulty of getting sufficient uni¬ 
formity of deposit to give a uniform 
toxic response of the spores. 

An improvement of the dry-de¬ 
posit method has been proposed by 
Montgomery and Moore, East Mail¬ 
ing Research Station, in 1938, and 
by the author in 1939. The researches 
of both were conducted simultane¬ 
ously and the fundamental principles 
embodied in both were based on the 
idea that comparative results could 
best be obtained if an accurately 
measured quantity was uniformly 



60 Illinois Academy of Science Transactions 

distributed over a delimited area. 
The toxicity of a preparation was 
determined by finding the range be¬ 
tween a completely toxic and a non¬ 
toxic dilution. From this range of 
dilutibility a number of factors may 
be determined regarding a fungicide 
as: (1) its potency in relation to 
other fungicides; (2) its potency ac¬ 
cording to different methods of mix¬ 
ing; (3) the effect of varying pH 
upon its toxic range; (4) how other 
compounds as spreaders or insecti¬ 
cides might affect its range and; (5) 
the adhesiveness of the fungicide 
after the slides have been exposed to 
weathering, especially to rain. 

The materials required for this 
method of testing include glass slides 
on which small circles have been 
etched, a finely calibrated pipette (a 
serological pipette or glass tube may 
be drawn to a fine bore and marked 
so that the same quantity of the dilu¬ 
tion will be delivered each time), 
bell jars, petri-plate lids, four-inch 
squares of window glass, cultures of 
fungus in a sporulating condition, 
and the top or bottom of a moist 
chamber. 

The circles on the slides were 
etched in the glass by covering the 
slides with a coating of paraffin and 
then stamping out three equidistant 
circles 15 mm. in diameter with a 
large cork-borer. These grooves were 
then filled with hydrofluoric acid 
(care must be taken to go around 
the circle with a sharp-pointed ob¬ 
ject to insure uniform contact of the 
acid with the glass). After the par¬ 
affin was removed the slides were 
cleaned so they were grease-free, 
otherwise uniform distribution of the 
fungicide within the circle would 
not have been possible. This was 
done by dropping them into concen¬ 
trated chromic acid cleaning solu¬ 
tion. After thoroughly rinsing in tap 
water and finally in distilled water 

they were wiped dry and placed 
with the circles down on typing 
paper. Before turning them over to 
receive the fungicide any traces of 
oily film that might remain on these 
areas was removed by vigorously 
rubbing the surface on the typing 
paper. The heat generated by the 
friction made possible the complete 
removal of the slightest trace of oily 
film which might have remained. 

By means of a serological pipette 
(or other pipette with a fine bore) 
a uniform quantity was delivered 
within each circle. The amount to be 
delivered should be determined and 
must never vary in the slightest if 
toxic comparisons are to be made. 
Five hundredths of a milliliter was 
found to be satisfactory in that it 
was sufficient to completely cover the 
circle, while the surface appeared 
level over the entire circle. Uniform¬ 
ity of depth is important to insure 
the same toxic response over the en¬ 
tire area. Care must be exercised 
during the process of measuring the 
fungicide. Before delivering the 
measured quantity all droplets ad¬ 
hering to the outside should be re¬ 
moved by pulling the pipette through 
some soft absorbent paper, such as 
Kleenex. In addition it is important 
to guard against any carry-over when 
changing from one dilution to an¬ 
other or from one fungicide to an¬ 
other. The pipette should be care¬ 
fully cleaned with hot dilute chromic 
acid cleaning solution, then thor¬ 
oughly rinsed before using it with a 
new fungicidal preparation. When 
going from one dilution to another 
with the same type of fungicide, the 
pipette should be rinsed with dis¬ 
tilled water and then filled and emp¬ 
tied several times with the new dilu¬ 
tion before delivery is made. After 
the various dilutions have been de¬ 
livered and spread to the etched 
border they are appropriately 
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marked with a glass marking pencil 
and spread to dry. The range of 
dilutions will of course vary depend¬ 
ing on the fungicide and the kind of 
spore being tested. 

The next step in this process is in 
getting a uniform spore distribution 
over the same area. Fungus spores 
or conidia should be chosen on the 
basis of their parasitic importance 
and their ability to grow and pro¬ 
duce abundant spores on culture 
media. Venturia inequalis, Alter- 
naria solani and Monilinia fructicola 
have been found to be suitable for 
these tests. Just as it is important 
to get a uniform spray distribution, 
it is also important to get an equally 
uniform spore distribution. The 
spores used should be grown on the 
same kind of culture media and 
should be the same age when tested. 
By placing the scrapings from the 

i: surface of the mat in distilled water 
and vigorously stirring the water the 
spores or conidia are dislodged from 
the mycelium. By straining the mix¬ 
ture with several thicknesses of 

I cheesecloth a mycelium-free spore 
suspension can be obtained. To ob- 

i tain the desired number of spores 
per unit area the above-mentioned 
spore suspension is diluted and ex- 

I amined microscopically, until the 
desired number (within a range, as 

| 10-15 under high power), is ob- 
tained. The quantity of spore sus- 

' pension delivered on each area must 
I be held constant and the spore sus¬ 
pension should be agitated with a 
stirrer when the quantity is taken 

! out to eliminate any settling factor. 
Sufficient suspension is taken so that 
the entire delimited area is covered 
uniformly. 

After the encircled areas are cov¬ 
ered with the spore suspension the 
slides are ready for incubation. This 
is best accomplished by placing the 

I slides in petri-plate lids which have 

sufficient diameter to accommodate 
two slides (the slides may be placed 
in the lids before the spore suspen¬ 
sion is added, thus eliminating the 
danger of dropping or spilling the 
suspension over the edge of the 
circle). The petri-plate lids are next 
stacked in a moist chamber the bot¬ 
tom of which is covered with paper 
toweling and soaked with water. The 
plates are easily and safely stacked 
by placing a 4-inch square of window 
glass between the petri-plate lids. A 
large bell jar is then set over the 
stack with its base resting on the 
soaked paper toweling in the moist 
chamber. By adding water to the 
area outside of the bell jar an air¬ 
tight seal is made, and the spore 
suspensions within the bell jar are 
subjected to a saturated atmosphere. 
These units are incubated in dark¬ 
ness at room temperature or as near 
20° C. as possible for 48 hours. 

Germination results are deter¬ 
mined by microscopic observation 
from each of the three areas on the 
slide, thus checking in triplicate. 
Toxicity may be recorded according 
to the following arbitrary standards: 
(0) normal germination, similar to 
the check plates in each bell jar, no 
visible evidence of toxicity; (1) any 
visible evidence of toxicity, such as 
a shortening of the germ tube or con¬ 
tortion of it, decreased percent of 
germination; (2) if only a few very 
short germ tubes, merely protuber- 
ences existed it was classed very 
toxic; (3) the concentration which 
permitted no germination was con¬ 
sidered the toxic limit. 

If greenhouse facilities permit, 
further testing of the fungicide may 
be carried on to determine its pliyto- 
cidal effect on the foliage. Prepara¬ 
tions may appear promising from 
the standpoint of its toxicity to the 
spore, but may also be very toxic or 
otherwise unsafe to the foliage of 
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the host plant. Theoretically, a 
fungicide should first protect the 
foliage, should be adhesive to the 
leaf surface, and should be compati¬ 
ble with supplementary insecticides. 
For these preliminary studies apple, 
cherry or peach seedlings lend them¬ 
selves readily. The fungicide may be 
applied at varying concentrations 

and subjected to varying environ¬ 
mental conditions such as varying 

the temperature and moisture con¬ 

tent of the air or mineral nutrients. 

Indoor tests such as described should 

not be considered conclusive, but 

may furnish a clue which can be in¬ 

vestigated further by field tests. 
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THE LITERATURE OF ILLINOIS NATURAL HISTORY 
AND GEOGRAPHY 

A. G. VESTAL 
University of Illinois, Urbana 

This is a report of the Committee 
on Ecological Bibliography, of which 
Part I was published in 1935. It tells 
what recent work has been done for 
'Part II in assembling citations per- 
i tinent to the biology of Illinois, with 
annotations if these are necessary or 
helpful. Since many descriptions 
published long ago were not included 
in Part I, it also attempts to evalu¬ 
ate some of this older literature, es¬ 
pecially as it throws light on the 
very considerable changes that have 
taken place in the physical and bi¬ 
ological environment of Illinois. 

jSome of our economic problems, as 
flood control, soil conservation, and 

(wildlife management, may be more 
intelligently met if there is sufficient 
awareness of the trends of change. 

The older accounts of conditions 
in the more extensive prairies em¬ 
phasized their wetness during spring 
and part of the summer. For about 
a century roadmakers, engineers, 
and farmers have labored to accel¬ 
erate drainage, especially on up¬ 
lands, with the result that flood prob¬ 
lems seem to be progressively aggra¬ 
vated in the bottomlands. Occasional 
droughts and water-supply shortages 
are troublesome during the drier 
rears, perhaps more so now than for¬ 
merly. Yet the records of earlier 
(floods and droughts make it less cer¬ 
tain that we may anticipate contin¬ 
ued increase of such difficulties. To 
enable us to see what actually has 

[ taken place, chronologies are being 
| prepared listing such recurrent mat- 
I :ers as floods, droughts, severe win 
I lers, tornadoes, glaze-storms, and 

outbreaks of destructive insects, with 
references to articles describing these 
events. 

Non-recurring changes in the 
prairie environment have likewise 
occurred and are continuing. The 
human ecology of prairie farming 
illustrates this admirably. The early 
trials of various thorny plants to 
serve as living fences settled upon 
Maclura as the best hedge material; 
of recent years the eradication of 
osage hedges has somewhat enlarged 
effective areas for cropping. Evi¬ 
dently the windbreak value of hedges 
is less esteemed now than formerly. 
The articles and short notices in such 
journals as the Prairie Farmer, bear¬ 
ing on this and similar developments, 
are too numerous to be separately 
cited, but a collation of references 
to such subjects has been made, so 
that particular trends are made evi¬ 
dent. Miss Marguerite Simmons of 
the University of Illinois Library 
staff searched through many earlier 
volumes of the Prairie Farmer to as¬ 
semble this material. In so doing she 
brought to light a number of articles 
of direct value to biologists. 

Plant and animal life of our native 
prairies have been so nearly com¬ 
pletely destroyed that prairie biol¬ 
ogy in Illinois seems almost to be 
history, rather than a living subject. 
Interest in reconstituting some small 
samples of near-prairie grassland is 
increasing. Dr. V. E. Shelford and 
Dr. R. F. Fuelleman are now en¬ 
gaged in such a project near Urbana. 
Such efforts will depend partly upon 
the ideal striven for. Some prairie 
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ecologists maintain that truly un¬ 
disturbed prairie consisted almost 
wholly of the dominant grasses, with 
accompanying herbs few. They be¬ 
lieve that degree of disturbance is 
suggested by degree of abundance of 
flowering dicot herbs. Other prairie 
ecologists, supported by many pub¬ 
lished descriptions of prairie vegeta 
tion, consider that there were within 
a given district different types of 
prairie and many variations within 
a type, flowering herbs being abun¬ 
dant in some types. If the latter 
view is correct, almost any made-to- 
order combination of native prairie 
grasses and herbs will resemble some 
formerly existent natural prairie 
growth. 

Though the old-time descriptions, 
even those by botanists, are disap¬ 
pointingly lacking in detail as to 
composition of prairie, they do throw 
much light on this same question of 
grasses versus dicots. They clearly 
show that from middle Indiana to 
the Missouri River flowering herbs 
were conspicuous in most of the 
prairies. Page citations to these old 
descriptions are now available in con¬ 
siderable numbers. 

We shall probably never have a 
basis for judging whether or not a 
particular bit of prairie is “undis¬ 
turbed,” nor how much changed 
from its “original” condition. We 
can never properly evaluate the in¬ 
fluence of bison, elk, and deer on Il¬ 
linois vegetation, nor know all the 
factors responsible for the oak open¬ 
ings and barrens of former times. 
Before 1800 the old French settle¬ 
ments on bottom prairies along the 
Mississippi, and village sites and 
camping places of Indians in upland 
prairie regions, were largely occu¬ 
pied by blue-grass. Where prairie 
was frequently grazed or trampled, 
the old writings frequently state, 
blue-grass, in places with white 

clover, became established. After 1 
settlement by Americans from east- >1 
ern and southern states, grazing was I 
usual about every farm and village, ij 
Farm animals were generally uncon- li 
fined; their disturbing influence i 
reached to some distance. The wet- j 
test prairie flats which last were 
brought into cultivation were com-1 
monly used for grazing by large i 
herds. Some areas were converted i 
to blue-grass long before they could 
be plowed. This was true also of I 
the vicinity of certain groves, which ij 
afforded shelter to cattle that grazed 
over the surrounding prairies. Milk’s i 
Grove in northwestern Iroquois 
County, and Pigeon Grove east of j 
Loda, were so used. In earlier days ] 
the Indian ponies ranging from such i 
places as Indian Grove in Livingston t, 
County or Parish Grove in Benton 1 
County, Indiana, similarly had had . 
their effects on prairie vegetation be¬ 
fore botanists were able to study it. i 
The older county histories are of I 
great value in elucidating these | 
changes. 

The old question whether settle¬ 
ment encouraged the spread of forest 
by the stopping of prairie fires, so I 
commonly stated as the principal 
basis for the fire theory of causation . 
of treelessness, is touched on in many j 
writings old and new. Such state- | 
ments should be read critically. 
Highly circumstantial accounts of 
fires eating into forests, or of new I 
forests following settlement, were 
written by travelers who passed 
through the state on one brief tour, j 
They may turn out to be second- or i; 
third-hand variants of the authors’ I 
readings of earlier works. It is nota¬ 
ble that Timothy Flint, one of the | 
most dependable writers on the early 
middle wrest, says much about prairie 
and little or nothing about prairie 
fires. Several questions are perti- ] 
nent: Did fires actually diminish ! 
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timber areas? To what extent did 
fires terminate abruptly after a dis¬ 
trict was settled ? Did any other in¬ 
fluences incident to settlement pos¬ 
sibly help in establishing tree seed¬ 
lings where prairie had been? The 
relatively few passages in the litera¬ 
ture that positively bear on such 
questions are more significant than 
most descriptions of fires and of 
•forest spread imputed to their cessa¬ 
tion. Specific references to such 
passages are being added to the bibli¬ 
ography of Illinois ecology. 

Turning to current publications, 
the established journals, serials such 
as the Transactions of the Illinois 
Academy, and publications of the 

| State Surveys, add their quotas each 
year to the literature of biology and 
.geography of Illinois. The American 
Midland Naturalist has become a 
leading source of materials on the 

midwest country. 

In addition to those mentioned in 
earlier reports, the following have 
helped materially in adding to the 
bibliography: George W. Bodecker, 
Clarence G. Golueke, Elizabeth Fred¬ 
erick, Marguerite Simmons, Edna L. 
Meadows, and Richard Walker. 

Of about 2000 titles of books and 
articles examined, 700 are completed 
for Part II of the bibliography, with 
annotations and partial analysis if 
these are necessary; 700 are assigned 
to the “ Supplement, ’ ’ which will 
not be published; the other 600 need 
additional checking or collation. 
About 800 articles and books for 
which citations are on hand have not 
yet been examined. Completed titles 
and supplement, on cards arranged 
by authors, are available for consul¬ 
tation at Room 211, Natural History 
Building, Urbana. 
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CHEMISTRY 

THE META MONOHALOGENATED 
BENZOTRIFLUORIDES* 

G. C. FINGER and M. L. KALINOWSKI 
State Geological Survey, Urbana, Illinois 

Information was needed in the 
Survey laboratories on the proper¬ 
ties of a complete series of monohalo- 
genated benzotrifluorides. This in¬ 
formation was obtained by synthe¬ 
sizing the m-fluoro-, m-chloro-, m- 
bromo-, and m-iodobenzotrifluorides. 
The object of this paper is to de¬ 
scribe the synthesis of the bromo 
and iodo derivatives, and to compare 
also some of the properties of all of 
these compounds. 

All of the compounds were synthe¬ 
sized from m-aminobenzotrifluoride 
by well known diazotization reac¬ 
tions. The m-fluoro1 and m-chloro2 
derivatives were prepared as de¬ 
scribed in the literature. The bromo 
and iodo compounds were prepared 
by the Sandmeyer reaction. Simons3 
prepared the bromo compound by 
the direct bromination of benzotri- 
fluoride; he reported only the boiling 
point and gave no analysis. 

Table I gives the physical prop¬ 
erties of these compounds and some 
closely related analogs. In all cases, 
the meta halogen derivatives of benz- 
otrifluoride have lower boiling points 
than the corresponding toluene an¬ 
alogs. By comparison to the simple 
monohalogen benzene compounds, 
the first member, m-fluorobenzotri- 
fluoride boils higher than fluoroben- 

zene; however, this order gradually ■ 
reverses with increasing molecular I 
weight as iodobenzene boils higher 
than m-iodobenzotrifluoride. The 
densities are higher and the index 
of refraction values are lower when i 
compared to toluene analogs or the 
simple halobenzenes. 

In general, these compounds are 
quite stable, are fairly volatile, and 
have a mild odor. The iodo deriva- ( 
tive will slowly darken on standing, 
but will not undergo the Ullmann 
reaction to form a biphenyl with 
copper bronze at 250-270° C. 

The authors are indebted to Mr. 
H. S. Clark, microanalyst, for the , 
analyses given in this investigation. 

EXPERIMENTAL 

m-Bromobenzotrifluoride. —- The 
general procedure given in Organic 
Syntheses4 for p-bromotoluene was 
used for the synthesis of m-bromo- 
benzotrifluoride. 

A mixture of 20 grams of crystal¬ 
lized copper sulfate, 10 grams of 
copper turnings, 77 grams of sodium 
bromide, 8.2 cc. of concentrated sul- ! 
furic acid, and 500 cc. of water was . 
refluxed for 3-4 hours. A small 
amount of sodium bisulfite was added 
to complete the reduction and obtain 
a pale yellow solution. 

Published with the approval of the Chief, Illinois State Geological Survey. 
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Table 1.—Physical Properties of Meta Monohalogea 
Substituted Benzotrifluorides 

* 

Compound 
M. P. 

°C 
B. P. 

°C 
Density 
20° C n20D 

26H4(CF3) (F) 1,32 -81.5° 100.9 1.289/25° 1.398/25° 
;36H4(CH3) (F) 1,3 -110.8 116 0.9972/13° 1.4691 
3ch5f -41.9 84.8 1.024 1.4646/22.8° 

C6H4(CF3) (Cl)l,32 -55.4 138.4 1.336/25° 1.4466/25° 
C6H4(CH3) (Cl) 1,3 -47.8 162 1.0722 1.5214/19° 
c6h5ci -55 132 1.1066 1.5247 

C6H4(CF3) (Br) 1,3 151-53* 1.632* 1.4738* 
lH4(CH3)(Br)l,3 -39.8 183.7 1.4099 1.551 
CeH3Br -30.6 155-56 1.4991/15 1.5597 

C6H4(CF3) (1)1,3 173* 1.887* 1.5198* 
C6H4(CH3) (1)1,3 204 1.698 
c6h5i -31.4 188.6 1.832 1.6214/18.5° 

* Data determined by authors. 

With stirring, 80.5 grams of m- 
| aminobenzotrifluoride1 was added to 
| a solution of 54 cc. of concentrated 
sulfuric acid in 500 cc. of water, and 
digested with heating. After the 

1 amine hydrosulfate was cooled to 
110°, it was diazotized with a solution 
of 40 grams of sodium nitrite in 60 
icc. of water and the temperature not 
allowed to exceed 20°. The diazon- 
ium sulfate solution was filtered. 

The hydrobromic acid-cuprous bro¬ 
mide solution in a flask arranged for 
steam distillation was heated to boil¬ 
ing. By means of a separatory fun¬ 
nel, the diazonium solution was slow¬ 
ly added to the copper solution while 
a vigorous current of steam was 
passed through the mixture. The 
aqueous distillate was made alkaline 
with dilute sodium hydroxide solu- 
;ion and the mrbromobenzotrifluoride 
was separated from the water layer. 
The crude product was consecutively 
washed with cold concentrated sul- 
?uric acid, water, dilute alkali, water, 
md dried over anhydrous magnes¬ 
ium sulfate. The crude product 
weighed 71 grams. This product was 

distilled and 50 grams (44.5 percent 
of the theoretical amount) boiling at 
151-153° was obtained. 

Analysis calculated for C7H4F3Br: 
C, 37.36 ; H, 1.79 ; Br, 35.51. Found: 
C, 37.49; H, 1.79; Br, 35.14. 

m - lodobenzoirifluoride. — To a 
solution of 200 cc. concentrated hy¬ 
drochloric acid in 200 cc. of water, 
80.5 grams of m-aminobenzotrifluor- 
ide was added and then digested by 
heating. After cooling the amine 
hydrochloride mixture to 5° C, it 
was diazotized with a solution of 40 
grams of sodium nitrite in 60 cc. of 
water. The diazonium solution was 
filtered. To the clear filtrate, a solu¬ 
tion of 89 grams of potassium iodide 
in 90 cc. of water was added in small 
amounts with stirring. Nitrogen was 
vigorously evolved and the rate was 
controlled by the addition of the 
potassium iodide solution. After the 
mixture had been allowed to stand 
overnight, it was heated on a steam 
cone for one-half hour to complete 
the decomposition. The heavy oily 
layer was separated, made slightly 
alkaline with dilute sodium hydrox- 



68 Illinois Academy of Science Transactions 

ide solution, and steam distilled. The 
crude iodo compound was decolor¬ 
ized with dilute sodium thiosulfate 
solution, and dried over anhydrous 
magnesium sulfate. The crude prod¬ 
uct weighed 118 grams. It was dis¬ 
tilled under reduced pressure giving 
a main fraction of 110 grams (81 
percent of the theoretical amount) 
boiling at 73-75°/23 mm (173° at 
atmospheric). Redistillation gave a 
product boiling at 82-82.5°/25 mm. 

Analysis calculated for C7H4F3I: 
C, 30.91; H, 1.48; I, 46.66. Found: 
C, 30.74; H, 1.47; I, 46.69. 

BIBLIOGRAPHY 

1. Aelony, J. Am. Chem. Soc. 56, 2063 
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SUMMARY 

m-Bromo and m-iodobenzotrifluor- 
ide were prepared from m-aminoben- 
zotrifluoride by the Sandmeyer re¬ 
action in 44 and 81 percent yields, 
respectively. 

The physical properties of the m- 
fluoro-, m-chloro-, m-bromo-, and m- 
iodobenzotrifluorides were tabulated 
and compared. 

m-iodobenzotrifluoride will not un¬ 
dergo the Ullman biphenyl synthesis 
with copper at 250-270° C. 

3. Simons, ibid., 65, 391 (1943). 

4. Gilman, “Organic Syntheses,” Coll. 
Yol. I, p. 131 (1932). 
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GEOGRAPHY 

SETTLEMENT PATTERNS OF ILLINOIS 

JOHN H. GARLAND 
University of Illinois, Urbana 

The use of the term “settlement” 
usually calls to mind a colony or a 
backwoods village—the pioneer or 
incipient stage of a regional econ¬ 
omy. Again it may have sociological 
implications such as the settlement 
house of a congested urban district. 
In this paper the term is applied to 
the cities, towns, and villages of a 
state which has long since reached 
the stage of maturity. Although the 
individual cabin was an important 
factor in the original settling of the 
state, because of a somewhat changed 
function, the individual farmstead 
or isolated rural home is not in¬ 
cluded. 

NATURE AND FUNCTIONS OF 

SETTLEMENTS 

Within the limits of the state of 
Illinois, which, by virtue of its area 
of about 56,400 square miles, is the 
twenty-third largest state, lives the 
third largest population (7,897,241 
according to the 1940 census). Of 
this number 5,809,650 or 74 per cent 
reside in towns and cities of 2500 or 
more, and four-fifths of those live in 
one metropolitan district. When 
towns and villages with populations 
less than 2500 and unincorporated 
places are included an imposing ar¬ 
ray of settlements results. There are 
220 towns and cities with popula¬ 
tions over 2500. Two of these rank 
among the some six hundred cities 
of the world that have populations 

of 100,000 or more. There are more 
than 800 towns and villages with less 
than 2500 and innumerable unin¬ 
corporated villages. 

Settlements come into existence, 
grow, and flourish because they per¬ 
form certain functions. When the 
need for those functions no longer 
exists the settlements diminish and 
may ultimately disappear. There are 
ghost towns even in Illinois. Eco¬ 
nomic, social, and political services 
are rendered by the settlements. 
Some, notably the saxicultural towns, 
produce wealth directly from the 
natural environment. Thus cities, 
towns, and villages are the product 
of cultural adjustments made to two 
natural environmental components— 
site and situation. Site qualities in¬ 
clude such items as terrain, drainage, 
bedrock, soil, native vegetation, and 
the like at the immediate site of the 
settlement, whereas qualities of situ¬ 
ation include space, distance, and 
time. The concept of location, other 
than the latitude and longitude of a 
point, implies qualities of situation. 

It is obvious that every settlement 
is the product of some type of asso¬ 
ciation, wise or otherwise, with some 
type of natural environmental site, 
the details of which differ from place 
to place. The structure, however, of 
each settlement is basically the same. 
It is safe to say that, with the possi¬ 
ble exception of the residential su- 
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Fig. 1.—Settlement divisions of Illinois. 
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burbs of the large metropolitan dis¬ 
tricts, every settlement consists of 
several well-marked concentric zones. 
The larger the settlement the more 
perfectly developed are the zones. As 
interesting as an investigation of the 
relation of settlement structure to 
the site qualities might be, the very 
number prohibits a thorough investi¬ 
gation on a state-wide basis. On the 
other hand the space arrangement of 
cities, towns, and villages produces 
a series of patterns which are the 
results of both site and situation as¬ 
sociations and which are worth geo¬ 
graphic consideration without the 
necessary detailed investigation of 
the former. Perhaps some term such 
as the “ gross structural settlement 
pattern” might be introduced to im¬ 
ply the space arrangement and rela¬ 
tion of cities, towns, and villages in 
the light of the general association 
of each to its natural environment. 

In an area as lacking in sharp 
physical contrasts as the state of Il¬ 
linois it would seem logical to expect 
a similarity of pattern throughout 
the state. Casual inspection of the 
map (Fig. 1) indicates the lack of 
similarity, suggests variations of a 
logical nature, and raises the ques¬ 
tion of agreement or the lack thereof 
between settlement and natural en¬ 
vironmental patterns. 

TYPES OF SETTLEMENT PATTERNS 

There are two basic types of set¬ 
tlement patterns in Illinois. The 
first, the alignment, is ubiquitous and 
is chiefly the product of a route of 
transportation. Different areal ar¬ 
rangements of alignments result in 
different patterns. The convergence 
of several alignments on a common 
center, often a large town or city, 
produces a radial pattern, whereas 
parallel alignments result in a check¬ 
erboard pattern. In this state the 
township has been an important fac¬ 

tor in crystallizing the above pat¬ 
terns composed of settlements spaced 
six miles apart. 

The second type is the group of 
which there are two distinct classifi¬ 
cations in Illinois. One is the metro¬ 
politan association, which in one 
sense is the end product of a radial 
pattern of national or even global 
proportion, and the other is a cluster. 
The former is composed of a major 
city and numerous associated cities, 
towns, and villages. Closely spaced 
short alignments with a definite 
focus on the major city characterizes 
the metropolitan association. On the 
other hand the cluster is a closely 
spaced indiscriminate arrangement 
of towns and villages of about the 

same size. 

SETTLEMENT DIVISIONS 

As the map (Fig. 1) indicates, 
with the exception of metropolitan 
associations, the various types of set¬ 
tlement patterns are distributed over 
the entire state, yet enough areal 
similarity is present to justify the 
delimiting of three settlement divi¬ 
sions. A line from the Mississippi 
River, just below the confluence of 
the Rock River, to the great bend of 
the Illinois River and thence to the 
Indiana boundary, following the 
south side of the Illinois River, sep¬ 
arates the northern division from 
the central. In the same fashion the 
central and southern divisions are 
separated by a line from the Missis¬ 
sippi, just below the confluence of 
the Illinois, to the nearest part of the 
Shelbyville moraine which it follows 
to the Indiana boundary. 

Each division is differentiated by 
dominant conditions of settlement 
pattern. The northern division is 
characterized by a variety of pat¬ 
terns changing rapidly from east to 
west across the state. The central 
division is made distinctive by a 
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series of overlapping radial patterns 
centering on a dozen or more large 
towns and cities. In the southern 
division long alignments, thickening 
here and there into well-marked clus¬ 
ters, dominate the pattern. 

NORTHERN DIVISION 

Settlement patterns of the north¬ 
ern division are diverse; some are 
in accord with and others are at vari¬ 
ance with the diversity of natural 
environmental conditions of the area. 
Five north-south districts comprise 
the northern division. They are: the 
metropolitan district, the moraine 
border district, the Rock Valley dis¬ 
trict, the northwestern district, and 
the Mississippi border district (north¬ 
ern segment). 

The metropolitan district. — The 
metropolitan district is very sharp 
and distinct. It is an area of cities 
with only a scattering of villages 
near the outer margin. The district 
terminates sharply in the Fox Valley 
urban alignment (Elgin, St. Charles, 
Geneva, and Aurora) and the lower 
DesPlaines Valley towns (Lockport 
and Joliet). With the exception of 
the above alignments, the entire 
metropolitan district is associated 
with recent Wisconsin glaciation. 
The site of Chicago is the sand plain 
beyond which are the lake border 
and Valparaiso moraines over which 
the associated cities andtownsspread. 
With the exception of the DesPlaines 
Valley, railroads and super high¬ 
ways radiate in all directions with 
little regard for the site. Qualities 
of situation are much more signifi¬ 
cant in a highly developed urban 
district, especially where there are 
no sharp contrasts in site conditions. 

The Mississippi border (northern 
segment).—The Mississippi border 
and the Rock Valley alignment are 
settlement patterns that conform 
closely to the natural environment. 

The width of river and the nature 
of the valley bottom and associated 
bluffs are such that east-west traffic 
is interrupted at the Mississippi. At 
four points trans-Mississippi paired 
settlements (East Dubuque-Dubuque, 
Savanna - Sabula, Fulton - Clinton, 
and Rock Island-Moline-Davenport) 
mark the crossings. The rest of the 
alignment is composed of small 
towns and villages on the highways 
and railroads that follow the valley. 

The Bock Valley district.—Al¬ 
though the Rock River is not wide 
enough to be a costly obstacle to 
transportation, an alignment of set¬ 
tlements spaced roughly at ten mile 
intervals has developed. Each of the 
larger towns and cities, the largest 
of which is Rockford, is a crossing 
for a railroad or major highway ra¬ 
diating from the Chicago metropoli¬ 
tan district. In turn the alignment 
is further strengthened by valley 
highways. At the confluence of the 
Rock and the Mississippi the two 
alignments focus on Rock Island and 
Moline. 

The northwestern district. — Be¬ 
tween the Mississippi and Rock 
rivers is the northwestern district. 
Here one well-developed radial pat¬ 
tern centering on Freeport occupies 
the drift-covered portion of the dis¬ 
trict, whereas a cluster of villages 
and towns are characteristic of the 
dissected unglaciated portion. 

The moraine border district.—The 
remaining district, which extends 
from the metropolitan district to the 
Rock Valley alignment, is an indis¬ 
criminate mixture of alignments, ra- 
dials, and clusters. Highways and 
railroads, radiating from the Chi¬ 
cago metropolitan district, cross the 
area along which the well-marked 
alignments are developed. The close¬ 
ly spaced town and city alignment 
on the southern edge of the district 
is the upper Illinois Valley. A north- 
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south system of moraines crosses the 
district, in fact the Bloomington 
moraine roughly bisects it. In gen¬ 
eral, the spacing of settlements and 
the resulting patterns are not con¬ 

cerned with the moraines in this dis¬ 
trict. Radials and checkerboard 
groups characterize the central por¬ 
tion, whereas a closely spaced cluster 
occupies the glacial lake section of 
the northeast, and a couple of weak¬ 
ly developed alignments occupy the 
great, flat valley of the Green River. 
Drainage, perhaps, has been a sig¬ 
nificant factor in the development of 
the settlement pattern over much of 
the entire district. This is a portion 
of the Grand Prairie through which 
small groves were scattered. As the 
names of many of the towns and 
villages suggest, these groves became 
settlement sites. Good drainage and 
protection from the wind seem to be 
important factors in the develop¬ 
ment of groves in the prairie. The 

i great swamps of the Green Valley 
j were generally avoided, thus ac¬ 
counting for the weak alignments of 
villages on the railroads that now 
cross them. The alignment and ra¬ 
dial pattern of the rest of the dis¬ 
trict, like the patterns of the rest 
of the state, has been crystallized by 
the railroads and highways, how- 
ever, groves were significant items 
in the sites in the early development 
of these settlements. The fact that 
most of the forests occupied the bet¬ 
ter drained and dissected land adja¬ 
cent to the streams, accounts for the 

! location of most towns on or near 
streams, many of which are too small 

I to be of any economic value, with 
I the possible exception of small mill 
sites. 

CENTRAL DIVISION 

Although a system of overlapping 
radials characterizes the settlement 
patterns of the central division, 

! enough diversity is present to make 

possible the recognition of four dis¬ 
tinct districts. The Illinois Valley 
alignment separates the eastern dis¬ 
trict from the western, and the Mis¬ 
sissippi border district (central seg¬ 
ment) constitutes the fourth district. 

The eastern district.—The eastern 
district is characterized by a series 
of overlapping radials the centers of 
which are large towns and cities 
spaced at 40-mile intervals with 
lesser centers at shorter distances. 
Decatur, Springfield, Bloomington, 
and Danville are among the major 
centers, whereas, Jacksonville, Lin¬ 
coln, Pontiac, Streator, Kankakee, 
Champaign-Urbana, and Mattoon are 
some of the lesser centers. Peoria, 
the major city of the Illinois Valley 
alignment, is also a radial center. A 
general settlement pattern of this 
type is a logical one to develop on a 
flat, productive, agricultural land. 
The fact that a variety of natural 
environmental conditions are present 
seems to be of no great significance. 
An irregular line from Shelbyville 
to Peoria marks the boundary be¬ 
tween Illinoian and Wisconsin gla¬ 
ciation. There seems to be no marked 
difference in settlement patterns in 
the two parts. As was also true in 
the northern division, there does not 
seem to be a marked relationship be¬ 
tween settlement patterns and indi¬ 
vidual moraine patterns. Blooming¬ 
ton and Champaign-Urbana are the 
only large towns on the moraines, 
although Decatur is very close to the 
Shelbyville moraine. There is little 
evidence of alignments following 
glacial moraines, in fact there is 
some indication of a lack of settle¬ 
ments on the moraine sites. The open 
portion of the pattern on the north¬ 
ern edge of the district on the Mar- 
sailles moraine is an area of that 
type. Paris, Mattoon, Charleston, 
and a number of smaller towns and 
villages following the inner edge of 
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the Shelbyville moraine is the best 
morainic alignment in the division. 
Three of the alignments of the Pe¬ 
oria radial follow the general trend 
of the Bloomington and Shelbyville 
moraines, although they do not ac¬ 
tually occupy them. However, it is 
possible that it is more of a prairie 
problem than it is of land form. 
With the exception of the southwest¬ 
ern portion, the district lies within 
the Grand Prairie and, as was 
pointed out earlier, settlements were 
made in or near groves which, for 
the most part, occupied the better 
drained land. The location of most 
of the settlements, both large and 
small, on or near streams is a rela¬ 
tionship to the forest. Bloomington 
and Champaign-Urbana on their 
morainic sites are exceptions to the 
stream pattern adjustments, yet 
there were groves near both. 

In several spots, notably the for¬ 
ested area adjacent to the Illinois- 
Mississippi confluence, and the coal 
mining area on the inside of the 
great bends of the Illinois and of the 
Illinois-Kankakee, the radial pattern 
is broken. In the former the valleys 
of the Illinois and Mississippi break 
the ease of travel in all direction, 
and, since the major crossings are 
just to the north or south, this area 
has assumed a checkerboard pattern. 
On the other hand the coal mining 
towns and villages form quite ir¬ 
regular clusters on the uplands south 
of the trough of the Illinois valley. 

Point should also be made of the 
fact that deposits of loess varying in 
depth from two to more than twenty- 
five feet cover most of the district. 
The loess cover is thickest just east 
of the lower Illinois Valley, dimin¬ 
ishing in thickness eastward and 
northeastward to an area in the 
northeast where the loess is not iden¬ 
tifiable. In the zone where the in¬ 
equalities left by glacial activities 

are covered by loess, the radial pat¬ 
tern of settlements is best developed. 

The western district.—The west¬ 
ern district repeats the patterns and 
relationships of the eastern on a re¬ 
duced scale. One major radial, cen¬ 
tering on Galesburg, is related to the 
loess covered Illinoian drift in the 
prairie portion of the district. The 
southern portion, the forested tri¬ 
angle between the Illinois and the 
Mississippi rivers, whose situation is 
out of focus with major crossings of 
both valleys, possesses a checker¬ 
board pattern of towns and villages 
comparable to the embayment across 
the Illinois Valley. 

The Illinois Valley district.—Sep¬ 
arating the eastern and western dis¬ 
tricts is the well-marked alignment 
of the Illinois Valley. From Pekin 
to the great bend of the valley the 
pattern consists of a double align¬ 
ment of closely spaced towns and 
villages each on a river terrace site. 
This district, known as the middle 
Illinois Valley, was among the first 
to be identified and investigated geo¬ 
graphically. Peoria, as the major 
city in the alignment and the second 
largest city in the state, is also the 
center of a radial reaching both the 
eastern and western districts. Since 
the Bloomington and Shelbyville 
moraines, as well as the Illinois Val¬ 
ley, focus on the site of Peoria, it is 
here that the closest agreement of a 
large radial pattern to the natural 
environmental patterns is found. In 
addition to the middle and lower Il¬ 
linois Valley alignments are those 
from several other directions, three 
of which follow the general trend of 
the Bloomington moraine from the 
north and southeast, and the Shelby¬ 
ville moraine from the south. 

From Pekin southward another 
double alignment of towns and vil¬ 
lages follows the lower Illinois Val¬ 
ley. The valley is wide and poorly 
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drained, especially above the glacial 
border, and there the alignments fol¬ 
low the valley sides, reaching the 
river only at intervals of 25 or 30 
miles. At these points, numbering 
five in all, both railroads and high¬ 
ways bridge the valley. Below the 
.glacial border, which follows the 
eastern wall of the valley, small 
towns and villages are connected 
across the Illinois by ferry. At the 
Illinois - Mississippi confluence the 
settlement pattern is limited to one 
small town. 

The Mississippi border district 
'(central segment).—Two alignments 
of towns and villages make up the 
[settlement pattern of the Mississippi 
Valley. A closely spaced alignment 
follows the valley wall where the 
alluvial bottoms are wide, whereas a 

j widely spaced alignment of bridge 
and ferry towns line the river. At 
several points where the valley bot¬ 
tom narrows the alignments meet. It 
is there that large towns, Quincy 
and Warsaw, have developed, and 
major river crossings have been es¬ 
tablished. 

SOUTHERN DIVISION 

The southern division is composed 
I of four districts: The Mississippi 
border district( southern segment), 

[the Wabash border district, the 
northern district, and the southern 
district. 

The Mississippi border district 
Wsouthern segment).—A well-marked 
alignment of towns and villages fol¬ 
lows the bluff side of the Mississippi 

[Valley, and a secondary alignment 
bf widely spaced towns and villages 
[occupies the water front below the 
East St. Louis cluster. In this seg¬ 
ment of the valley there are only 
two bridge crossings of the river, 
both of which are in the extreme 
southern part. 

In the northern part of the south¬ 

ern segment the East St. Louis-Alton 
cluster marks the convergence of a 
number of alignments on the St. 
Louis metropolitan area, one of the 
major crossings of the Mississippi. 

The southern district. — Weak 
alignments and clusters of small 
towns and villages characterize the 
settlement patterns of the southern 
district. From Shawneetown to 
Cairo a closely spaced alignment fol¬ 
lows the Ohio River, whereas a sec¬ 
ond alignment occupies the Cache 
depression with a few scattered vil¬ 
lages on the loess area between. In 
the maturely dissected section be¬ 
tween the glacial boundary and the 
alluvial lands of the Mississippi em- 
bayment, the settlement pattern con¬ 
sists of three irregular alignments 
of little villages. There is only one 
town in the area with a population 
greater than 2500. The drainage of 
the area is divided into north-flowing 
and south-flowing streams by a well- 
marked east-wise divide. On this di¬ 
vide is an alignment of towns bear¬ 
ing such names as ‘ ‘ Mountain View, ’ ’ 
“Alto Pass,” and “Tunnel Hill.” 
On both sides of the divide are the 
other alignments, the individual vil¬ 
lages occupying sites in the little 
tributary valleys. 

The Wabash border district.—An 
alignment of small towns and vil¬ 
lages follows the Wabash Valley. Mt. 
Carmel, the largest town on the 
river, marks one of the three bridge 
crossings. There are no Illinois 
towns at the other two. The align¬ 
ment leaves the valley where it is 
joined by the Embarrass River (lo¬ 
cally Ambraw), thus the settlement 
pattern is conspicuously meager on 
the wide alluvial bottoms at the 
Ohio-Wabash confluence. 

The northern district.—The re¬ 
maining district is large and the 
numerous towns and villages present 
a settlement pattern of well-marked 
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alignments. A series of four or five 
alignments of closely spaced settle¬ 
ments cross the area in an east-west 
manner. These straight lines are, of 
course, railroad and highway routes 
from southern Indiana that converge 
on the Mississippi crossing at East 
St. Louis. A few north-south align¬ 
ments cross the district, thus devel¬ 
oping radials. The one developed on 
Centralia is perhaps the best. Be¬ 
tween the slightly converging align¬ 
ments a number of little villages are 
scattered somewhat at random. Like 
the eastern district of the central 
division, the loess covered ground- 
moraine presents a smooth, feature¬ 
less surface over which straight 
alignments could easily be built. Un¬ 
like the Grand Prairie to the north, 
this area was forested and, therefore, 
there is no settlement-grove relation¬ 
ship. The rivers of the area, the 
Kaskaskia, Little Wabash, and Em¬ 
barrass flow in wide alluvial valleys 
to the southwest and southeast. Their 
swampy valleys and vegetation- 
choked channels made them undesir¬ 
able for transportation or settlement. 
Thus they are not occupied by settle¬ 
ment alignments, and the only towns 
in the valleys are those that are a 
part of the major highway and rail¬ 
road alignments. 

At two points, however, the align¬ 
ments thicken into well-developed 
clusters. One is on the northwestern 
border of the division and the other 
is in the south near the drift-border. 
Both of these, like the clusters in the 
northern edge of the central division, 
are saxicultural groups. 

CONCLUSIONS 

In the above presentation certain 
ideas appeared with such regularity 

that they might well be enumerated. 
Among these is the varied but re¬ 
curring theme that settlement pat¬ 
terns conform to some natural en¬ 
vironmental patterns and seemingly 
neglect others. Settlement patterns 
make a sharp adjustment to major 
drainage patterns, a partial adjust¬ 
ment to vegetational cover, lithic 
materials, and the like, and seem to 
disregard surface features. 

The second recurring point is the 
importance of situation. Routes of 
transportation, railroads and high¬ 
ways, and their interruptions at 
large rivers are the crystallizing fac¬ 
tors of the settlement patterns. Re¬ 
lationship to situation is especially 
significant. The combination of a 
variety of natural environmental ele¬ 
ments, which permits maximum oc- 
cupance and presents minimum ob¬ 

stacles to free movement, is the 

natural environmental complex to 
which settlement patterns in Illinois 
are related. 

From an areal point of view the 

comparative importance of site and 

situation clearly stand out. The 
northern and southern divisions, 

dominated by alignment settlement 

patterns, are the products of the sit¬ 
uation of the metropolitan districts 

of Chicago and St. Louis, whereas 
the central division, just beyond the 

focus of both, possesses the radial 
pattern of the productive, agricul¬ 
tural plain. Further investigation, 

however, of the functional relation 
of the various settlements to their 

site and situation conditions would 
bring into sharper focus geographic¬ 
ally the regional qualities of Illinois. 
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GEOLOGY 

COMPARISON OF SEVERAL DECORAH HORIZONS 
IN NORTHERN ILLINOIS 

C. L. BIBBER 
North Central College, Naperville 

The shales and shaly limestones 
between the Galena and Platteville 
formations, by reason of their dis¬ 
tinct lithology and fauna at the type 
locality, have been given the forma¬ 
tion name Decorah1. This formation 
is widespread in the Mississippi Val¬ 
ley, and changes radically in thick¬ 
ness and appearance from outcrop 
to outcrop. As recognized by Aber¬ 
deen2 and defined by Kay3, the for¬ 
mation contains two members, the 
Guttenberg (Guttenberg, Iowa) and 
the Ion (Ion, Iowa). The Gutten¬ 
berg includes part of the ‘ ‘ Oil 

’ Rock”, so designated by the miners, 
i which has been described by Grant 
and Burchard4. At Decorah, Iowa 
and northward the Guttenberg is a 

i greenish shale. However, in the type 
area one mile north of Guttenberg 
and southeastward for thirty miles, 
the member is distinguished by gray 

I to brow n, sublithographic thin- 
! bedded fossiliferous limestone with 
; interbedded chocolate-colored shale 
; interspersed between wavy bedding 
planes. The overlying Ion is charac¬ 
terized by calcareous shale and ar- 

! gillaceous limestone near the type 
j section in northeastern Iowa, but it 
[ becomes a dolomite and is scarcely 

distinguishable from the basal Ga¬ 
lena formation forty miles southeast¬ 
ward in the vicinity of Dickeyville, 
Wisconsin. 

Three locations have been chosen 
for comparison where the Decorah 
horizons are not readily separated 
from the underlying Platteville and 
the overlying Galena formations. 
They are : (1) Rockford Quarry near 
the northwest limits of the city of 
Rockford, SE. % sec. 15, T. 44 N., 
R. 1 E., Rockford Quadrangle; (2) 
roadside quarry at Lowell Park, 
three and one-half miles north of 
Dixon, Illinois, in the SE. % NE. ^4 
sec. 18, T. 22 N., R. 9 E., Dixon 
quadrangle; and (3) along the north 
bank of the Vermillion River, Lowell, 
Illinois, SE. % sec. 8, SW. % sec. 9, 
T. 32 N., R. 2 E., LaSalle and Ot¬ 
tawa quadrangles. 

The basal Decorah is difficult to 
delimit because the Spechts Ferry, 
the upper member of the Platteville, 
is variable in thickness and lithology. 
In the three areas studied the 
Spechts Ferry member either is not 
recognizable or is not present, so that 
the upper Platteville “glass rock” 
zones come in contact with the Gut- 

1 Calvin, Samuel, Geology of Winneshiek County: Iowa Geol. Surv., vol. 16, p. 84, 1906. 
a Aberdeen, E. J., the location of the break between the Galena and the Platteville limestone: M.S. 

^^^k^^^M^^OrSiviclan^Mohavdiian Ostracoda: Lower Trenton Deoorah fauna: Jour. Paleontology, 

Vol‘ * Grant,^U. ^and Burchard, E. F., Lancaster-Mineral Point Folio: U. S. Geol. Survey Geologic Atlas 

No. 145, p. 6, 1907. 
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Fig. 1.—Rockford City quarry, SE. % sec. 15, T. 44 N., R. 1 E., Rockford 
quadrangle. The head of the hammer rests on a thin shale bed, unit 5 of the 
measured section. 

tenberg member of the Decorah. 
Lithologically, and even faunally, no 
striking difference exists between the 
two. Eastward from the type area, 
the upper part of the Guttenberg- 
Ion sequence as defined by Kay5 is 
a dolomitic limestone or dolomite, 
each outcrop varying in lithology. 
A species of a Prosopora, a usable 
marker in northeastern Iowa, has 
not been reported in the localities 
named. Gradational contacts between 
the upper Decorah and Galena are 
common in northern Illinois. In sub¬ 
surface studies, the Decorah forma¬ 
tion is recognized by its color, dens¬ 
ity, chert, and its shaly facies6. In 
these outcrops examined the shaly 
partings, though present, are not nu¬ 
merous. 

A detailed measured section of the 
Rockford quarry follows. 

The Spechts Ferry member of the 
Platteville formation either is not 
represented or is not recognizable. 
Beds 2-8 inclusive are regarded as 
the lower Decorah. The only litho¬ 
logical likeness to the type section 
Guttenberg member of the Decorah 
formation is in beds 5 and 6, which 
show a few shaly partings and wavy 
uneven bedding planes. Character¬ 
istic fossils are Columnaria halli, 
Streptelasma corniculum, and small 
Strophomenids. The Ion member in 
this quarry is even more difficult to 

recognize, if present at all. Beds 7-11 
are sparingly fossiliferous and litho¬ 

logically do not vary appreciably 

5 Kay, G. M., The Orodovieian system in the Upper Mississippi Valley: Guidebook of the 9th Ann. 
Field Conference Kansas Geol. Soc., p. 289, 1935. 

8 Willman, H. B. and Payne, J. N., Geology and mineral resources of the Marseilles, Ottawa, and 
Streator quadrangles: Illinois Geol. Survey, Bull. 66, p. 65, 1942. 
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Fig. 2.—Roadside quarry 3% miles north of Dixon, Illinois, at Lowell Park, 
SE. *4 NE. % sec. 18, T. 22 N., R. 9 E., Dixon quadrangle. The numbers are at 
the upper limits of the units. 

from the Galena, which probably is 
present from No. 12 upward, if not 
from No. 9 upward. The Ion, if 
present, cannot easily be distinguish¬ 
ed from the overlying Galena. 

The Decorah sequence recognized 
at Rockford may be summarized as 
follows. Chert is common in beds 3, 
8 and 9; the rock is a dolomite; fu- 
coids are plentiful, but abundant 
near the top of bed 7 ; wavy beds and 
shaly partings can be distinguished; 
in the lower beds small amounts of 
sarbonaceous shale give a bluish 
mlor. 

7 Knappen, R. S., Geology and mineral resources 
19, p. 54, 1926. 

8 Knappen, R. S., op. cit. p. 33. 

A section restudied and measured 
at Lowell Park, near Dixon, is pre¬ 
sented. 

The Lowell Park section north of 
Dixon exhibits the transitional na¬ 
ture of the Decorah. Knappen7 has 
called these beds the Lowell Park 
member of the Platteville, but states 
that they are of Decorah age. Here, 
as at Rockford, the Spechts Ferry 
member is not recognizable. 

Bed No. 1 of the section probably 
is the uppermost “Blue”8 of the 
Platteville. The rock is a sublitho- 
graphic dolomitic limestone. Beds 2 

of the Dixon Quadrangle: Illinois Geol. Survey Bull 
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(1) Rockford Quarry (formerly Carrico Quarry), Rockton Avenue near the north¬ 
west city limits, SE. % sec. 15, T. 44 N., R. IE., Rockford Quadrangle, Illinois. 

Thickness 
Ft. In. 

Galena formation 
15 Dolomite, buff, weathered, rotting; chert bands prominent 

in lower part* . 25 
14 Dolomite, thin-bedded with chert; weathers buff. 15 
13 Dolomite, buff, weathered; many gastropods; chert bands near top.. 7 6 
12 Dolomite, buff, beds two to four inches thick, shaly partings 

prominent; fossiliferous with Receptaculites in the center of zone. 5 8 
Galena? or Ion member of Decorah formation? 
11 Dolomite, massive, gray-blue; forms upper blue bed of the quarry_ 2 5 
10 Dolomite, thin-bedded, shaly . 2 6 

9 Dolomite, buff, massive, cherty, sparingly fossiliferous . 5 3 
Lower Decorah 

8 Dolomite, buff, beds three to six inches thick, very little chert. 2 7 
7 Dolomite, buff, beds about four inches thick, fossiliferous; 

Strophomena common and Streptelasma in basal twelve inches, fucoids 3 2 
6 Dolomite, massive, blue-gray, carbonaceous, sparingly fossiliferous; 

Streptelasma near base; a few shaly partings. 2 
5 Dolomite, shaly, iron-stained, wavy, fossiliferous; Echinoderm 

fragments, Streptelasma, and Vanuxemia present. 3 
4 Dolomite, buff, cherty, beds three to six inches thick; 

Streptelasma present . 2 2 
3 Dolomite, buff, thin-bedded, cherty, fucoidal; Streptelasma. 3 6 
2 Dolomite, gray, carbonaceous, dense. 2 10 

Platteville formation 
1 Dolomite, gray, dense, fossiliferous; Trochonema beloitense and 

Lophospira bicincta common . 9 2 
Covered, water in quarry pit pumped to low level. 

* estimated 

(2) Roadside quarry and exposures three and one-half miles north of Dixon,Illinois, 
SE. ^4 NE. sec. 18, T. 22 N., R. 9 E., Dixon Quadrangle. 

Galena formation Thickness 
Covered cherty dolomite % mile south along road, above No. 6. Ft. In. 

6 Dolomite, medium to thick beds, buff, cherty, dense, calcareous at base 
becoming more dolomitic near top with definite shaly parting below.. 5 10 

Decorah formation 
Ion member 

5 Dolomite, calcareous, buff, fucoidal, cherty bands, thin to medium 
beds, silicified Columnaria and bryozoans present. 7 6 

4 Limestone dolomitic, massive, buff; a few chert nodules; Columnaria 
and Streptelasma corniculum present. 6 8 

Guttenberg member 
3 Limestone, dolomitic, buff to gray, thin-bedded, uneven, wavy; 

massive in upper eighteen inches . 6 4 
2 Limestone, buff, dense, 4 to 6 inch beds some of which are uneven 

and wavy; shaly partings, calcite vugs, small amounts of chert 
present; fossiliferous, Streptelasma present. 6 10 

Platteville formation 
1 Limestone, gray-blue, buff on weathered surfaces, beds four to eight 

inches thick, dense, glassy, bluish wavy shaly parting at top; 
pyrite present . 2 7 

Covered; Platteville limestone along banks of stream 25 yards north and approx¬ 
imately 20 feet below the level of the road-side quarry. 
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and 3 of the section are the equiv¬ 
alents of the Guttenberg member, 
based on lithologic similarities. Un¬ 
even dense wavy beds with shaly 
partings are characteristic, though 
not as easily detected as in the type 
area because of the variable thick- 
mess of the beds. Silicified fossils in¬ 
clude Streptelasma, Liospira, Zygo- 
ppira, and a few Echinoderm frag¬ 
ments. Beds 4 and 5 probably are 
the Ion. Lithologically these beds 
have little in common with the Ion 
of northeast Iowa. Number 5 is a 
striking fucoidal unit which is seen 

in the abandoned quarries in the 

uortheast limits of the city of Dixon. 

This fucoidal zone may correlate 
with the number 7 horizon of the 
Rockford section. Number 6 is grad¬ 
ational into the typical Galena dolo¬ 
mite. 

The suggestive Decorah horizons 
at Lowell Park may be summarized 
as follows. A definite lithologic 
change from Platteville below, but 
with gradation into the Galena 
above; gradual change from a lime¬ 
stone near the base to a dolomite 
above; chert is common throughout, 
but more plentiful in bed 5; fucoids 
range widely but are profuse in bed 
5; Streptelasma and Columnaria are 
common fossils. 

Fig 3—Decorah limestone along the Vermillion River at Lowell, Illinois, 
SE. % sec. 8, T. 32 N., R. 2 E., LaSalle quadrangle. The black arrow is close to 
the Decorah-Galena contact, base of unit 12. 
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Ten miles southeast of LaSalle, 
the Vermillion River in cutting its 
valley across the LaSalle anticline 
exposes rock of Trenton age. This 
exposure may be followed upstream 
for nearly two miles from a point 
one fourth mile west of the old high¬ 
way bridge. Beds dip from two to 
four degrees to the southwest, but 
east of the new highway bridge they 
are broken into great blocks and are 
greatly disturbed. Inaccuracy in 
measurements are possible, but the 
numbered beds do not appear to be 
repeated. The measured section 
(3) is given. 

Bed No. 1 near the bend of the 
stream is the lowermost Decorah or 
the upper Platteville. Beds 2 through 
6 are dense gray fossiliferous lime¬ 
stones with sparse amounts of chert. 
In lithology, as well as in the com¬ 
mon occurrence of Sowerbyella, Dal- 
manella, and small Bafinesquinas 
these beds correlate with the Gutten- 
berg of southwestern Wisconsin9. A 
lithologic break occurs at the base of 
bed No. 7, the rock becoming crystal¬ 
line and massive upwards. The cry¬ 
stalline facies and the characteristic 
mottling, the presence of large Ba- 

finesquina cf. jeffersonensis Bradley, 
and the many ramose bryozoans re¬ 
semble Kimmswick lithology and 
fauna. The Ion horizon, as at Rock¬ 
ford and Dixon, is difficult to de¬ 
limit. It possibly can be separated 
from the Guttenberg on lithologic 
grounds, but faunally the break is 
not distinct. Upward, the Decorah- 
Galena is gradational. A marked 
break occurs at the base of bed No. 
12. Above the rock is less coarsely 
crystalline, more sparingly fossilif¬ 
erous, and more massive. A zone of 
Beceptaculites occurs eleven feet 
above the base of bed No. 12. 

It is the opinion of the writer 
that the Galena and Decorah at this 
location represent a transitional 
phase between the Galena of north¬ 
ern Illinois and the Kimmswick of 
western Illinois and Missouri. The 
Ion member (beds 7-11) are corre¬ 
lated with the basal Kimmswick. The 
Decorah of Missouri probably should 
be correlated with the Spechts Ferry 
member or even lower in the Platte¬ 
ville, largely on the basis of the 
abundant presence of Pionodema su- 
baequata in it, but it may extend 
into the Guttenberg. 

9 Bays, O. A. and Raasch, G. 0., Mohawkian relations in Wisconsin: Guidebook of the 9th Ann. Field 
Conference Kansas Geol. Soc., p. 299, 1935. 

Table of Analysis 

Si02 CaO MgO p2o5 R2O3 C02 

Rockford No. 6*. 3.8 29.8 20 tr. 1.09 45.34 
Lowell Park No. 1. 4.5 40.2 10.3 tr. 1.89 43.15 

77 7 
’ No. 2. 4.84 49.7 2.81 tr. .75 41.93 

77 7 ’ No. 6 (bottom)_ 5.60 26.90 18.90 .79 47.78 
77 7 ’ No. 6 (top). 2.50 30.20 20.40 tr. .69 46.20 

Lowell No. 3**. 2.50 51.10 3.59 .49 42.35 
77 No. 11. .50 55.80 .59 .30 42.80 
77 No. 22. 1.30 55.50 .17 .70 42.35 

* Numbers refer to unit numbers of measured sections. 
** 250 yards east of No. 5 of measured section, in bed of Vermillion River. 
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(3) North hank Vermillion River, Lowell, Illinois, SE. % sec. 8, SW. V* sec. 9, 
T. 32 N., R. 2 E., LaSalle and Ottawa Quadrangles. 

The higher beds dip westerly under the alluvium at about an angle 
of 3° Thickness 

ft. In. 
lalena formation 
52 Limestone, similar to No. 21, Receptaculites at top . 4 5 
>1 Limestone, buff, mottled, massive, solution pockets on weathered 
surfaces. 2 6 

!0 Covered. 1 
.9 Limestone, massive, buff, mottled, solution pockets. 1 4 
18 Limestone, buff, beds four to eight inches thick. 4 6 
l7 Limestone, gray, mottled, appears thin-bedded and spalls off on 
weathering. 5 11 

L6 Limestone, gray-buff, medium to thin beds, fossiliferous with many 
ramose bryozoans . 8 11 

15 Limestone, massive, mottled, solution pockets, weathers buff. 5 10 
IL4 Limestone, gray, beds three to six inches thick; Strophomenids 

and ramose bryozoans profuse; chert . 7 6 
13 Limestone, buff-gray, mottled, solution pockets on the weathered 

surfaces; Receptaculites at the base . 7 6 
12 Limestone, buff-gray, mottled, thin beds, calcite vugs near top, be¬ 

coming crystalline downward; small orthoceratites . 10 10 

| Decorah formation 
ron member 
LI Limestone, gray-buff, thin-bedded, mottled, crystalline; ten inch 

crystalline band prominent at base; fossiliferous, Echioderm stems, 
large ramose bryozoans, Streptelasma corniculum and Dalmanella 
common, faunal break at top. 2 2 

10 Limestone, massive, porous, mottled, pitted, Echinoderm frag¬ 
ments; two prominent crystalline bands eighteen inches apart in 
center, fauna similar to No. 11 above . 6 6 

9 Limestone, buff, mottled, crystalline. 2 2 
! 8 Limestone, buff-gray, massive, Dalmanella common. 4 10 

7 Limestone, heavy ledges, dolomitic, mottled, crystalline, porous, 
calcite vugs, fossiliferous; Sowerbyella and large Rafinesquinas 
cf. jeffersonensis Bradley common. Rhynchotrema increbescens at 
base . 8 2 

\i-uttenberg member 
6 Limestone, thin-bedded, crystalline, fossiliferous, spalls off on 

weathered surfaces, upper beds shaly . 5 10 
5 Covered, probably not over a few feet at most; area of uncertain 

dips. 
4 Limestone, medium to massive beds, cherty, fossiliferous; common 

fossils are Sowerbyella, Dalmanella, Rafinesquina, and trilobites 
including Isotelus and Ceraurus . 12 6 

Note: About 300 yards east of No. 4 in a small ravine, three and 
one half feet of the same rock is exposed dipping two degrees to 
the west. The rock is limestone, gray, thin-bedded, cherty and fos¬ 
siliferous; Dalmanella and Sowerbyella common; may represent 
the same horizon as No. 4 above. 

3 Dolomite, buff, cherty, nonfossiliferous . 2 
2 Limestone, dense, glassy, beds three to six inches thick, slightly 

wavy; similar beds in the stream’s edge a few yards to the west 
are cherty, and contain many small Rafinesquina as well as 
Streptelasma cf. profundum . 2 2 

j lecorah or Platteville? 
1 Limestone, dolomitic, massive . 10 

Covered, near bend in river approximately one mile east of the new Highway 
bridge. 
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The Decorah formation at Lowell 
shows the following: Dense gray fos- 
siliferous limestones at the base be¬ 
coming more massive and crystalline 
upward; a moderate amount of chert 
in the lower beds and in bed No. 14; 
lower beds crowded with Dalman- 
ella; the Ion member is difficult to 
delimit; upper horizons, especially 
the strikingly mottled beds, are sug¬ 
gestive of Kimmswick. 
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PENNSYLVANIAN STRATIGRAPHY OF PART OF 
SOUTHERN INDIANA1 

DONALD W. FRANKLIN 

Ohio Oil Company 

INTRODUCTION 

By H. R. Wanless 

During more than a year of field work 
in southern Indiana Mr. Franklin 
studied most of the outcrops of the 
Pennsylvanian from the West Franklin 
limestone on down in Perry, Spencer, 
Warrick and parts of Dubois and Pike 
counties. He worked out a composite 

jeolumnar section of the lower Pennsyl¬ 
vanian in these counties which is repro¬ 
duced in this paper (Fig. 1). Although 
-he outcrops in these counties have been 
studied by earlier investigators2 Mr. 
Franklin worked out the detailed suc¬ 
cession of the lower Pennsylvanian be- 

| low coal Ilia in greater detail than prev¬ 
ious students of the area had done. The 

| succession from the West Franklin lime¬ 
stone down to coal Ilia is reasonably 
well known and is similar to that far¬ 
ther north in Indiana and in adjacent 

i parts of western Kentucky. The succes- 
( sion below coal Ilia differs from that in 
other parts of the Eastern Interior basin 
in that fossiliferous marine limestones 
and cherts occur at a larger number of 

! positions than elsewhere. Mr. Franklin’s 
section shows 9 limestones below coal 
Ilia. In most other parts of the basin 
there are not more than two marine 

I limestones below Illinois coal No. 2, In¬ 
diana coal Ilia and their correlatives. 
These marine zones are the Seahorne 

| and Seville limestones of western Illi¬ 
nois, the Stonefort and Curlew of south¬ 

ern Illinois and western Kentucky, and 
the Silverwood3 and Minshall of Indiana. 
Although Mr. Franklin refers one of the 
limestones to the Curlew it seems wiser 
to designate it by the local names used 
in this report until it has been traced to 
Union County, Kentucky where the type 
exposure of the Curlew is located. 

The part of the Eastern Interior basin 
described in this paper is nearer to the 
Appalachian coal field than practically all 
other parts of this basin. It is worthy 
of note that in southern Ohio there are 
several marine zones, the Hamden lime¬ 
stone, Putnam Hill limestone, Zaleski 
flint, Upper Mercer limestone, Lower 
Mercer limestone, Boggs limestone, Pov¬ 
erty Run limestone and Sharon ore 
which seem to be older than coal Ilia of 
Indiana. It seems possible that careful 
comparaive studies of the lithology and 
faunas of the marine limestones de¬ 
scribed by Franklin with those of south¬ 
ern Ohio may permit some exact cor¬ 
relations and thereby aid in matching 
the succession in the Eastern Interior 
basin with that of the Appalachian field. 
Recent studies of the ostracod faunas 
of the Ferdinand and Fulda limestones 
by Chalmer L. Cooper suggest that these 
faunas have no counterparts elsewhere 
in the Eastern Interior basin but seem 
to be equivalent to the Bostwick lime¬ 
stone member of the Barnett Hill forma¬ 

tion (top of Morrow) and of the Dornick 

Hills group of the Wapannucka forma¬ 
tion (base of Lampasas) Oklahoma. Al- 

1 Published with the permission of R. G. Kurtz, Ohio Oil Company. Q 
2 Ashley, G. H., The coal deposits of Indiana: IniLJDept.JJeok ^and Nat. Res.^ Arm. 

Dubois County pp. 1096-1156, Pike County pp. 1156-1230, Perry County pp 
pp. 1298-1348, Warrick County pp. 1349-1398. . 
Fuller, M. L., Ditney folio, U. S. Geol. Survey Geol. Atlas, folio 84, 1902. 
Wanless, H. R., Pennsylvanian correlations in the Eastern Interior and Appalachian coal fields, Geol. 

3 Alexander, J. W., Pennsylvanian geology of eastern Vermilion County, Illinois, northern Vermillion 
County, Indiana, and Warren and Fountain Counties, Indiana. Master’s thesis at the University of Illinois, 
1942, a name applied to the marine cap rock of Indiana coal II from outcrops along Coal Creek one mile 
east of Silverwood, southwestern Fountain County, Indiana. 
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Table 1.—Cumings’ Classification of Pennsylvanian Strata in Indlana 

System Series Group 

Post=Allegheny 
Wabash (250-300 ft.) 
Merom (75-90 ft.) 
Shelburn (150-235 ft.) | 

Pennsylvanian. Allegheny 
Petersburg (180-300 ft.)' 

Staunton (150-250 ft.) 

Pottsville 
Brazil (60-80 ft.) 

Mansfield (80-300 ft.) 

though several of the lower Pennsyl¬ 
vanian limestones described in this 
paper do not outcrop in Illinois, they 
probably underlie parts of the Illinois 
basin where they may be encountered in 
oil well drilling operations. 

STRATIGRAPHY 

with the next higher number. Cum- 
ings5 proposed a different classifica¬ 
tion (Table 1). This classification is 
followed in the present paper. The 
Wabash and Merom groups are 
younger than the youngest strata 
outcropping in the area of this re¬ 
port. 

By D. W. Franklin 

This paper presents a very con¬ 
densed description of about 1000 feet 
of lower Pennsylvanian strata exposed 
in the two southern tiers of counties 
of Indiana. Its object is to show 
the relations of the various named 
strata to each other and to indicate 
typical outcrops where the more im¬ 
portant key beds can be observed. 
No attempt is made to indicate the 
nature of the lateral variations in 
succession within the area or the out¬ 
crop patterns of the various subdivi¬ 
sions. The Troy coals, Fulda, Fer¬ 
dinand and Grandview limestones 
and the Buffaloville coal are named 
here for the first time and the Hol¬ 
land limestone is redefined. 

The lower Pennsylvanian of Indi¬ 
ana was divided into Divisions I to 
VII by Ashley4, each division ex¬ 
tending* up to the base of the coal 

Figure 1 shows the succession of 
lithologiO units recognized in south¬ 
ern Indiana. This figure shows 136 
lithologic units aggregating 1092 
feet. It should be recognized, how¬ 
ever, that practically all of these 
beds vary in thickness within the | 
area and that some of the beds are I 
absent at some outcrops. 

In this paper several of the more i 
important outcrops are described : 
and the type localities of newly | 
named beds designated. The out¬ 
crops of beds younger than coal Ilia 
are not described since this succes- 1 
sion had been worked out correctly f 
by Ashley, Fuller, Wanless, and | 
others and have been described in 
an earlier paper. 

MANSFIELD GROUP 

The basal sandstone of the Mans¬ 
field group is massive, coarse-grained 
and conglomeratic at some places. 

4 Op. cit. 
5 Cumings, E. R., Nomenclature and description of the geological formations of Indiana: Ind. Dept. 

Cons., Publ. 21, Handbook of Indiana Geology, pp. 519-530, 1922. 
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COMPOSITE COLUMNAR SECTION 
DUBOIS, PERRY PIKE, SPENCER, AND WARRICK COUNTIES, INDIANA 

Figure 1. 

!t is probably equivalent to the 
Lower Conglomerate of the Casey- 
idlle of Kentucky. There are two 
Drominent coals in the lower part of 
;he Caseyville, known as the Lower 
Lannelton and Upper Cannelton 
lear the town of that name and the 
Lower Troy and Upper Troy near 

that town in Perry County. The 
Lower Cannelton coal is character¬ 
ized at some places by a black slaty 
canneloid shale roof. The lower part 
of the Caseyville is well exposed at 
LaFayette Spring, Perry County 
(Geologic section 1). 

At a road-cut on State Highway 
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Geologic section 1—Exposures in SW. U Sec. 2, T. 7 S., R. 3 W., near LaFayette 
Springs, Perry County, measured by C. A. Malott and amended by D. W. Frank¬ 
lin. 

Thickness 
Ft. In. 

Pennsylvanian system 
Mansfield group 

Sandstone, massive, fine-grained, perhaps with shale breaks. 13 
Coal (Upper Cannelton) . 2 
Underclay. 4 
Shale, gray, silty, with sandstone beds. 25 
Sandstone, massive, fine-grained, with small quartz pebbles. 15 
Shale, black, canneloid . 0-3 
Coal, splint (Lower Cannelton) . 3 

Underclay, slightly silty, light blue gray . 3 
Sandstone, flaggy . 35 

Shale, gray, silty (coal reported in literature) . 36 
Sandstone, massive, fine-grained . 32 
Shale, gray, silty . 35 

Sandstone, medium-grained, sparkling, massive, cliff-forming, cross- 
bedded, with honeycomb weathering, bands of large quartz pebbles 50 

Mississippian system 
Limestone (Kinkaid) with associated shale 

$ 
Geological section 2.—Exposure in the S.y2 SW.y^ SE.y± Sec. 33, T. 4 S., R. // W. 

Thickness 
Ft. In. 

Pennsylvanian system 
Mansfield group 

Sandstone, fine-grained, micaceous, poorly exposed. 10 
Concealed interval, some show of sandstone. 5 
Sandstone, with abundant carbonaceous matter, fine-grained, very 

micaceous, medium-bedded to massive, ledge-forming. 6 
Shale, black, soft . 6 

Limestone, medium blue gray, with abundant marine fossils. 1 
Chert, black, mottled with white, leached, with numerous fossils, 

thickness variable, diamond-shaped jointing; locally in two beds 
(Ferdinand) . 0-1 

Limestone, medium blue-gray, finely crystalline, with marine fossils 
(Ferdinand) .  1 

Shale, light blue gray, soft . 1 
Coal, bright, blocky . 1 

Underclay, dark . 6 + 
Concealed interval, some show of light blue gray shale. 12 
Limestone, dark blue-gray, compact, brittle, with solution widened 

joints (Fulda) . 2 6 

Shale, light blue gray, soft, top poorly exposed, probably with coal... 6 
(Base of exposure) 

66 near Troy a massive sandstone a 
little above the Upper Troy coal con¬ 
tains marine fossils and plant debris 
and is probably a beach deposit. This 
part of the column is excessively 
variable. The St. Meinrad coal, 
mined near the town of that name in 
northern Perry County is tentatively 

correlated with the Upper Troy and 
Upper Cannelton. 

The Fulda limestone is named 
from exposures along the road be¬ 
tween Fulda and New Boston, east¬ 
ern Spencer County and is well 
shown in the outcrop described as 
geologic section 2. It is dark blue 
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Geologic section 3.—Section at double incline mines and gully to the east in 
the center of the E.y2 sec. 29, T. 4 S., S., R. 4 W. 

Thickness 
Ft. In. 

Pennsylvanian system 
Brazil group 

Shale, medium to dark blue gray with ironstones. 6 
Coal, slightly blocky (Upper Block?) . 2 6 
Concealed interval . 10 
Coal, thinning to 18 inches southward, slightly blocky (Lower 

Block?) . 3 
Concealed interval . 5 
Coal . 6 
(Base of measured section) 

gray, dense, pure, brittle and sparse¬ 
ly fossiliferous. 
The Ferdinand marine zone is about 
15 feet above the Fulda limestone 
and consists of black shiny opaque 
chert with abundant casts of pro- 
ductids and dark blue gray argillace¬ 
ous dull limestone. It is best de¬ 
veloped northeast of Ferdinand in 
T. 3 S., R. 4 W. and west of the 
Ferdinand State Forest. 

BRAZIL GROUP 

The Brazil group was defined by 
Cumings as extending from the 
Lower Block coal of the Brazil dis¬ 
trict, Clay County up to coal II, a 
little above the Minshall limestone. 
The coals designated as Upper and 
Lower Block coals in this paper have 
not been traced to tie in with the 
Block coals of the Brazil district but 
are of approximately the same age. 
The Block coals are reported as fol¬ 
lows from a double incline mine. 

The Upper Block coal is also mined 
by the Mariah Hill Super Block Coal 
Company in secs. 19 and 20, T. 4 S., 
R. 4 W. 

The Grandview limestone and an 
unnamed limestone 13 feet below it 
are well exposed in the Ohio valley 
bluff east of Grandview. The lower 
limestone is dark blue gray, dense 
and dull and the upper limestone 
light gray, crystalline and crinoidal 

with bedded chert. It is tentatively 
correlated with the Curlew of Ken¬ 
tucky. The type exposure of the 
Grandview limestone is described in 
the following measured section. 

The Grandview limestone is 15 feet 
below the Buffaloville coal in the 
center of the NE. % NE. % sec. 21, 
T. 5 S., R. 5 W. 

STAUNTON GROUP 

The Staunton group of Cumings 
extends from the base of coal II up 
to the base of coal IV. Coal II is 
tentatively identified in this area 
with the Buffaloville coal mined com¬ 
mercially at the town of that name 
in Spencer County (Geologic section 
5). 

In addition to the limestone above 
the Buffaloville coal a dark blue gray 
dense limestone overlies a one-foot 
coal about 20 feet above this coal. 
The coal and limestone are not 
named, but are represented in Ge¬ 
ologic section 6. 

The name Holland limestone was 
applied by Ashley6 but there are 
three limestones in the vicinity of 
Holland and it is not clear to which 
Ashley intended to apply the name 
Holland. It is here applied to the 
uppermost which is the most distinc¬ 
tive. The other limestones are not 
named. (Geologic section 7). 
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Geologic section //.—Exposures along State Highway 66 East of Grandview in 
the Ohio River bluffs in the SE. *4 NE. *4 sec. 15, T. 6 S., R. 5 W. 

Thickness 
Ft. In. 

Pennsylvanian system 
Brazil group 

Limestone, light gray, finely crystalline, with bedded gray chert in 
nearby localities, large crinoid stems, massive, thickness to 5 
feet (Grandview) . 5 

Concealed interval . 3 
Sandstone, thin bedded . 4 
Concealed interval . 6 
Limestone, dark blue gray, dense, dull . 6 
Sandstone, massive, cliff forming. 13 
Shale, black, poorly bedded, hard, micaceous. 8 
Sandstone, massive to thin-bedded . 8 
Siltstone, sandy, massive, with wavy carbonaceous laminae. 2 
Coal (Upper Block?) in abandoned incline mine on Ohio River 

bluff just below this section 
Ferdinand limestone seen south of highway a little below the base 

of this section 
(Base of exposure) 

Geologic section 5.—Exposure in strip mine in the center of NE. % NW. ^4 sec. 
9, T. 5 S., R. 5 W. 

Thickness 
Ft. In. 

Pennsylvanian system 
Staunton group 

Shale, medium gray, calcareous at base. 12 
Limestone, dark blue gray, argillaceous, fossiliferous. 0-2 
Shale, dark gray, soft, calcareous, fossiliferous, poorly bedded, 

slightly silty, variable in thickness . 3 
Shale, black, sheety to papery when weathered, unfossiliferous .... 6 
Coal, blocky (Buffaloville) . 3 6 

Brazil group 
Underclay . 3 

Geologic section 6.—Exposure southeast of Holland in the old Whitrock strip 
pit, center of S. y2 sec. 19, T. 3 S., R. 5 W. 

Thickness 
Ft. In. 

Pennsylvanian system 
Staunton group 
Shale, gray, blocky (27 feet below Holland limestone) . 11 
Shale, dark gray to black, very calcareous, soft, very fossiliferous .. 1 
Limestone, dark blue gray to black, very argillaceous, fossiliferous .. 2 
Coal . 0-4 
Underclay, blue gray . 1 6 
Concealed interval, gray shale reported . 12 
Limestone, blue to gray, dense, with gray, opaque, porous weather¬ 

ing chert . 3 
Coal (No. II or Buffaloville). 3 

6 Ashley, G. H., Supplementary report on the coal deposits of Indiana: Ind. Dept. Geol. and Nat. Res., 
Ann. Rept. 33, pp. 112, 129-131, 1909. 
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Geologic section 7.—Exposure near Holland in the 8E. *4 NE. 14 NE. !4 sec. 
26 T. 3 8., R. 6 W. 

Thickness 
Ft. In. 

Pennsylvanian system 
Staunton group 

Sandstone, fairly massive . 4 
Concealed interval . 15 
Limestone, dark blue gray, dense . 10 
Shale, black, slaty, canneloid . 3 
Coal, blocky . 1 6 
Underclay, dark blue gray, silty. 1 6 
Clay, coaly . 4 
Underclay, silty, hard, with hackly fracture.. . 4 
Shale . 2 
Chert, light gray to dark blue gray, ferruginous, with porous 

zone at top . 1 
Limestone, light gray with brown mottling on weathered surface, 

dense, unconformity at base (Holland). 2 
Shale and clay, with limestone pebbles . 1 6 
Limestone, light gray, knobby, dense . 6 
Shale, light gray . 3 

Geologic section 8.—Exposures at the center of the west line of the NE. t4 NE. 

% sec. 28, T. 3 8., R. 6 TV. 
Thickness 
Ft. In. 

Pennsylvanian system 
Staunton group 

Shale, gray, with alternating black streaks, and show of thin- 
bedded sandstone close above . 2 

Shale, black, slaty .   3 
Shale, drab gray, rather slaty. 6 
Shale, black, slaty . 3 
Coal . 2 
Underclay. 2 8 
Shale, black, poorly bedded . 5 
Coal . 5 
Underclay. 1 8 
Coal . 3 
Underclay. 4 
Coal . 2 
Underclay, silty . 1 
Coal . 1 3 
Underclay, brown. 3 
Concealed interval. 5 
Sandstone, massive, at base of exposure 

There are three or four thin and 
variable coals and two or three thin 
unnamed marine limestones between 
the Holland limestone and the mas¬ 
sive sandstone beneath the Rock 
Creek coals. The lowermost of these 
limestones and coals is indicated in 
Geologic section 7 above the Holland 

I limestone. 

The Rock Creek coals consist gen¬ 
erally of two closely spaced coals 
overlying the thickest and most mas¬ 
sive sandstone in this part of the 
column. They are typically described 
in Geologic section 8 and are prob¬ 
ably approximately equivalent to the 
Davis and Dekoven coals of western 
Kentucky. 
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Geologic section 9.—Exposures at the center of the south line of the SW. ^4 
NW. % sec. 28, T. 3 8., R. 6 W. 

Thickness 
Ft. In. 

Pennsylvanian system 
Staunton group 

Shale, silty, with thin sandstone beds. 16 
Shale, silty, probably dark blue gray when fresh. 10 
Concealed interval . 8 
Limestone, dark blue gray to black, dense, very fossiliferous. 1 
Shale, black, slaty, fissile, fossiliferous. 2 6 
Coal (Velpen or Ilia) . 2 

Coal Ilia, the Velpen coal is over- with coal No. 2 of Illinois and is one 
lain by a characteristic hard black of the best stratigraphic markers of 
slaty shale and thin dark gray fos- the area (Geologic section 9). 
siliferous limestone. It is correlated 
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SILICA GEL AND WARSAW GEODES 

93 

PERCIVAL ROBERTSON 

Elsah, III. 

At the 1940 meeting of the Illinois 
State Academy of Science it was sug¬ 
gested that geodes such as occur in 
the Warsaw formation might have 
been formed from rounded masses 
of colloidal silica deposited on the 
sea bottom at the same time the 

| sediment was being laid down.1 It 
has been experimentally determined 
that globular masses of hydrous 
silica gel may be produced by letting 
a sodium silicate solution of from 
1.17 to 1.38 specific gravity flow 

| into a solution containing from about 
16 to 26 percent commercial sodium 
chloride, and giving a rocking mo¬ 
tion to the container. More dilute 

: solutions of sodium silicate and more 
dilute solutions of salt produce floc- 
culant masses of silica of indefinite 
shape but they do not generally pro¬ 
duce rounded masses of silica gel. 

| While such spherical masses can be 
produced by rocking alone, they can 
be molded by hand more rapidly. 

When these masses of hydrous 
silica gel are removed from the solu¬ 
tion they assume an oblate form and 
on slowly drying they shrink but 
slightly, and eventually leave a hol¬ 
low shell of silica gel. When, to sim- 

' ulate natural conditions more close¬ 
ly, the spherical mass is placed in 
wet mud and dried slowly, a similar 

! result has been obtained, namely a 
hollow shell of silica gel. 

There is no intention to intimate 
that geodes have been formed by 
identical methods. There is no evi¬ 
dence known to the writer that so¬ 

dium silicate in concentration even 
approaching those used ever may 
have been carried into the sea. But 
there are two points that seem to be 
of significance in the experiments. 
First, masses of silica gel can be 
produced in an ordinary salt solu¬ 
tion when the salt is at concentration 
frequently found in salt lakes al¬ 
though not at the concentration 
usually found in the ocean. In this 
regard it may or may not be sig¬ 
nificant as Van Tuyl pointed out re¬ 
garding the Warsaw formation: 
“that the member where it bears no 
geodes is in most cases, although not 
in all, fossilferous, while the geodif- 
erous phase is, except for occasional 
limited seams of limestone, nearly 
destitute of fossil remains.”2 Sec¬ 
ond, when the somewhat spherical 
mass of hydrous silica gel is permit¬ 
ted to dry slowly a hollow shell of 
silica gel results. 

In nature twin geodes are occa¬ 
sionally found. These consist of two 
(rarely more) chalcedony shells in 
contact, the surface of contact being 
essentially flat. One twin may be 
directly above the other when found 
in situ or they may lie side by side. 
Sometimes a thin film of kaolinite or 
some similar mineral separates the 
two shells. Each shell has developed 
its own individual cavity and they 
are not connected with each other. It 
has been very difficult to see how 
any process of solution and subse¬ 
quent deposition of silica could ac¬ 
count for such a phenomenon. It has 

1 Robertson, Additional notes on the Geodes of the Warsaw Formation, Trans. Ill. Acad. Sci. vol. 33, 

^Van^Tuyl, Iowa Geological Survey, Annual Reports, 1921 and 1922, vol. XXX, p. 312. 
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been possible in the laboratory to 
produce two shells of silica gel in 
contact and each with its own sep¬ 
arate cavity. 

Mr. Walter Weiler carried out 
some of the experimental work here 
presented and appreciation is due 
him. 
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PHYSICS 

TRANSMISSION OF SOUND BY A LIGHT BEAM 

ROY E. ANDERSON 

Augustana College, Rock Island, Illinois 

In the May 1942 issue of the 
amateur radio magazine QST was 
an article by Stevens and Stevens 
on the transmission of sound by 
means of a modulated light beam. 
The light beam source was a flash¬ 

light or pilot light bulb modulated 
by a low power audio amplifier; the 
receiver, an audio amplifier with a 
photo-electric cell in-put. 

This diagram shows suggested cir¬ 
cuits for the transmitter and re¬ 
ceiver. When a sound wave strikes 
the microphone, a minute electric 
current is set up in the microphone 
circuit. This current alters the po- 

j tential on the grid of the 6J7 tube, 
j The change in potential causes a 
change in the number of electrons 
reaching the plate from the filament. 
This results in a corresponding 
change in plate current which is of 
the same pattern as the current in 
the grid circuit but of much greater 
amplitude. The final amplifier tube 
further amplifies the signal in the 

isame way. The current in the plate 
j circuit of the 6L6G tube must pass 
through the primary of the out-put 
transformer. When it does so, it 

j causes a varying magnetic field to be 
built up around that coil. As this 
magnetic field moves out from the 
primary and then collapses, it is cut 
by the secondary and induces an 
electro-motive force in that winding. 
This e.m.f. is added to or subtracted 

from the battery voltage which is 
lighting the filament of the flashlight 
bulb. Thus the voltage across the 
flashlight bulb varies in the same 
pattern as the sound waves which 
strike the microphone. Somehow this 
modulates the light. The light from 
the bulb is focused by means of suit¬ 
able lenses on the photoelectric cell 
of the receiver. The cesium cathode 
of the photo tube sets free electrons 
when light shines on it. The greater 
the intensity of the light, the greater 
the number of electrons set free. 
The shorter the wave length of the 
light, the greater is the energy of 
the electrons which are set free. The 
electrons are drawn to the positively 
charged anode so that when light 
shines on the cathode a current flows 
in the photoelectric cell circuit. The 
magnitude of the current varies with 
the intensity of the light, and also 
with the frequency of the light. The 
light from the transmitter, varying 
as it does in the same pattern as the 
sound waves which originally fell 
upon the microphone, causes corres¬ 
ponding changes in the photo cell 
current which in turn changes the 
potential on the grid of the first 
amplifier tube. The signal is ampli¬ 
fied just as it was in the transmitting 
amplifier and finally is reproduced 
by the speaker as sound. 

Insofar as I have been able to de¬ 
termine, no one has yet proved just 
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what takes place in the flashlight 
bulb when its light is modulated. The 
intensity of the light given off by an 
incandescent filament depends upon 
the temperature of the filament. In 
order that the light beam be modu¬ 
lated at a frequency of 5000 cycles 
per second, for example, and it can 
be modulated at that frequency, it 
would apparently be necessary that 
the temperature of the filament vary, 
over a rather wide range, 5000 times 
in one second. To some experiment¬ 
ers it seems unlikely that this could 
take place. 

One theory is that mechanical vi¬ 
bration of the filament caused the 
modulation in some way. If one taps 
the light source, a bell-like sound is 
heard in the receiver showing that 
mechanical vibration of the filament 
will in some way modulate the light. 
However, at the headquarters of the 
American Radio Relay League, the 
lamp was placed in a strong varying 
magnetic field which should have 
produced the same result. No sound 
was heard. It is the opinion of the 
headquarters staff there that some 
form of frequency modulation takes 
place, that the wave length of the 
light changes with variations in volt¬ 
age. 

My own opinion is that the tem¬ 
perature of the filament actually 
does change sufficiently to cause vari¬ 
ation in the intensity of the light. 
I have found that if a low DC volt¬ 
age is used to light the bulb modula¬ 
tion is very unsatisfactory even 
though the added signal voltage in¬ 
creases the average intensity of the 
light to full brilliance. However, if 
I put as high a voltage as the light 
can stand, then add a comparatively 

low signal voltage, the modulation is 
good. This seems to be in accordance 
with the law for radiation which 

states that the rate of radiation is 
proportional to the fourth power of 

the absolute temperature. If the DC 
filament voltage is such that the 
temperature of the light is high the 
rate of radiation is greatly increased, 

so that it may be possible for the 
filament to change its temperature 

sufficiently to modulate the bulb at 
high audio frequencies. 

It may be that someone has de¬ 
termined just how the modulation 
takes place, but I have been unable 
to find a conclusive explanation. If 
I have the opportunity I plan to in¬ 
vestigate further into the matter. 
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PREMEDICAL EDUCATION 

TRENDS IN MEDICAL AND PREMEDICAL TRAINING 

VICTOR JOHNSON, M.D., Ph.D. 

Secretary of the Council on Medical Education and Hospitals of the 
American Medical Association 

Associate Professor of Physiology, University of Chicago 

I. WAR-TIME EXPERIMENTS IN 

EDUCATION 

Educational experiments involv¬ 
ing thousands of students preparing 
or a variety of activities related to 

; he war are being conducted in many 
ields and at all levels. Educators 
ace the serious responsibility of de¬ 
ermining which features of the sev¬ 
eral war-time programs will warrant 
lermanent incorporation into our 
ducational systems. 

The acceleration of the training 
[s the most important of these ex¬ 
periments. The desirability of ac- 

! elerating premedical and medical 
(ducation, consistent with quality, 
s apparent from the fact that the 
average age of graduation from med- 
cal school has been between 26 and 

|'!7 years.1 Before the graduate has 
completed hospital training and is 
ible to support himself and a wife, 

lie is upward of 30 or more years of 
lige. A system which delays mar- 
plage to this extent is undesirable and 
I my efforts which can be made to 
iiminish the period of training are 
veil worth permanent retention. The 
acceleration in medical schools seems 
nost likely to justify retention after 
he war, perhaps in modified form, 

I since acceleration in the medical 
richools involves no basic change in 

the curriculum or weekly work as¬ 
signments but is effected by the elim¬ 
ination of the long summer vaca¬ 
tions. It is very doubtful whether 
there is any adequate justification 
for compelling the student to devote 
one fourth of his time in medical 
school or in premedical college to 
non-academic activity. 

It should be possible to reduce by 
at least two years the training period 
between the beginning of grammar 
school and the receiving of the M.D. 
degree. The elimination of long va¬ 
cations would do much toward this 
end. Annual vacation periods of four 
or five weeks would seem adequate 
for students in college and medical 
school. Throughout the rest of life, 
particularly in the practice of med¬ 
icine after graduation, vacations 
longer than this will be rare. There 
is no apparent justification for the 
traditional long college vacations. 

The major obstacle to accelerated 
programs is economic. Acceleration 
would have been impossible in med¬ 
ical schools had not financial pro¬ 
visions been made to aid students 
who had formerly depended upon 
summer work to earn part of their 
expenses. Before the induction of 
medical students into the Army and 
Navy, loan funds were provided to 
assist needy students. In the year 

1 J.A.M.A., 109: 672 (Aug. 28) 1937. 
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ending June 30, 1943, $1,063,573 
were lent to medical students by the 
federal government. This sum was 
supplemented by $977,700 from the 
Kellogg Foundation, making a total 
of about $2,000,000 for the year. 

In a country which is spending— 
not loaning — this amount every 
quarter-hour of the day for war, the 
financial costs of any worth-while 
educational program must not be a 
deterrent. Loan funds are preferable 
to scholarships since the practice of 
medicine is among the reasonably 
remunerative professions and stu¬ 
dents preparing for this field should 
be willing to undertake a financial 
obligation in obtaining education for 
that profession. 

Another kind of acceleration is 
involved in the premedical and other 
college-level training programs of 
the Army and Navy. In these, ac¬ 
celeration includes considerable in¬ 
creases in the daily and weekly work 
assignments of students. In some 
cases the assigned load is probably 
too excessive for a mastery of the 
material. Likewise the amount of 
time for elective work and the pur¬ 
suit of special interests is too limited 
under such plans. 

Another experiment which we 
should assess is the early selection of 
students for entrance into medical 
school. Under the Army Specialized 
Training Program selection for pre¬ 
medical studies and earmarking for 
subsequent entrance into a medical 
school are made early in the stu¬ 
dent’s college career. Allowance is 
made for the loss of some men by 
academic failure before completion 
of the pre-professional program. In 
contrast to this, twelve to fifteen 
thousand students satisfactorily com¬ 
pleted their premedical requirements 
each year before the war. Many 
hundreds of these were manifestly 
unfit for the study and practice of 

medicine, yet they were allowed to 
work toward this goal for two or 
three or four years expecting or hop¬ 
ing to gain admission to a medical 
school. More than half of the pre¬ 
medical students never entered a 
medical school since there are places 
in freshman medical classes for only 
about 6,000 students. Annually 
thousands of disappointed students 
were forced to readjust their life 
plans. Many solved the problem 
by entering unaccredited medical 
schools or professions related to med¬ 
icine. Too many became teachers— 
sometimes of premedical or even 
medical students. 

It will be important to know 
whether such early selection will be 
successful. Efforts and attempts 
should be made to retain the plan 
in modified form if possible with 
sufficient flexibility to provide for 
competent students who may make 
up their minds to study medicine 
relatively late in their academic 
careers. Much academic waste would 
be eliminated by such a program. It 
may be argued that a student who 
completes the premedical course and 
yet fails to obtain admission to a 
medical school has nevertheless had a 
valuable educational experience and 
may graduate from college with a 
reasonably good general education. 
True, the proper teaching of the 
natural sciences should occupy an 
important place in the general edu¬ 
cation of everyone, no matter what 
the subsequent field of activity may 
be. On the other hand undue harm 
may result from the psychological 
trauma attendant upon failure to 
gain admission to a medical school. 

Another experiment is being con¬ 
ducted which may prove to be even 
more far reaching in its consequences 
than those already mentioned. The 
Army and Navy programs entirely 
eliminate the economic requirement 
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for the study of medicine. This ir¬ 
relevant qualification—the ability to 
pay for college and professional 
training—has always been a limiting 

i factor in the selection of students. 
Relatively few applicants to medical 

in schools state that they will need fi¬ 
nancial assistance at the time of ap¬ 
plication, yet every dean knows that 
many students require such assist¬ 
ance after entering the medical 

.school. Furthermore an unknown 
number of qualified and perhaps su¬ 
perior individuals never reach the 
stage of applying for admission to a 
medical school. They have never 
been able to start college or even 
finish high school for economic rea¬ 
sons. The theory that everyone in¬ 
tellectually qualified for higher edu¬ 
cation has a chance to obtain it in 
state or municipal colleges with low 

I tuition rates or through loan and 
' scholarship funds is only a theory 
without convincing supporting evi- 

j dence. 

Under the Army and Navy pro¬ 
grams ability to pay for an education 

! has nothing to do with those to be 
| educated. A serious study should be 

made of this obvious but revolution¬ 
ary principle to determine whether 
an entirely new source of highly 
qualified students is being tapped, 

i It has been the experience of several 
medical school deans’ selection com¬ 
mittees that a large proportion of 
men being screened for assignment 
to medical school would be unable to 
attend were it necessary for them to 
provide their own funds. Everyone 
knows that some of our best students 
have earned much of their way, es¬ 
pecially at the premedical level. This 
is to be commended and doubtless 

I has permitted many with limited fi¬ 
nancial resources to obtain an educa¬ 
tion. However, it is questionable 

! whether this is not a waste of time 
and energy. Would not the same 

effort devoted to more intensive, 
scholarly pursuits on the part of the 
superior student in question return 
greater dividends to the student and 
to society than laboring in a factory 
or mill while carrying the college 
work. 

There are certain features of some 
of the military educational programs 
which we may at once dismiss as un¬ 
desirable. The Army program al¬ 
lows for no selection of a specific 
school by the student assigned to 
medicine and permits no selection of 
specific students by a given school. 
This plan may be justifiable admin¬ 
istratively but is educationally in¬ 
defensible. The standardization of 
the premedical curriculum found in 
the military programs may again be 
desirable for administrative reasons 
but can find little educational justi¬ 
fication. At the premedical level also 
schools differ in many other ways 
than in excellence of instruction, and 
schools equipped to emphasize one 
or another of the fields in premedical 
education should be free to do so, 
exploiting local resources to the full¬ 
est extent. 

II. INTEGRATION OF THE TRAINING IN 

PREMEDICINE AND MEDICINE 

It may be convenient to delimit 
chronological or academic periods in 
the training of a doctor and refer to 
the premedical period, the preclinical 
years, the clinical years and the in¬ 
ternship. If these divisions are more 
than convenient concepts and ac¬ 
tually describe successive and segre¬ 
gated stages of education, they are 
highly undesirable. Fortunately, the 
lines of demarcation are gradually 
being erased at some points. The 
transition between the clinical train¬ 
ing in the junior and the senior year 
of the medical student and the in¬ 
ternship is no longer as marked as it 
has been. In his clinical training the 
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medical student is responsible for 
patients. He takes histories, exam¬ 
ines the patients and performs the 
laboratory and other tests much as 
he would later do as an intern. He 
must report his case to the attending 
physicians and is responsible for fol¬ 
lowing the progress of the case. A 
patient assigned to him is as truly 
his patient as if he were a practicing 
physician, except that he is carefully 
supervised and his case load is not 
as great as it is during the intern¬ 
ship or in practice. Some selected 
and superior senior students may 
even serve internships temporarily 
in medical school hospitals with con¬ 
siderable profit. 

The line of demarcation between 
the preclinical and the clinical years 
is also no longer as sharply drawn 
as formerly. In years past a student 
pursued laboratory courses in his 
first two years of medicine and work¬ 
ed in hospitals or clinics or attended 
ward rounds in his last two years of 
medical school, and there was rela¬ 
tively little integration of the two 
phases of his training. At the pres¬ 
ent time a great deal of clinical ma¬ 
terial is being introduced into the 
first two years of the medical course. 
In aim and spirit this must be done, 
not to make clinicians of students 
prematurely, but to strengthen and 
vitalize the training in premedical 
subjects. Presentation of a case of 
infantile paralysis in an anatomy 
course need not emphasize the nature 
of infantile paralysis as a disease or 
include therapeutic procedures. The 
case can be entirely an anatomical 
study in which the student is shown 
the action of certain muscle groups 
which he is dissecting in the labora¬ 
tory by demonstrating which move¬ 
ments are abolished or weakened 
when given muscle groups are par¬ 
alyzed. Similarly in physiology the 
introduction of electrocardiographic 

material need not seek to make the p 
student adept in the diagnosis of • 
cardiac abnormalities. Such material 
can be invaluable in teaching the 
student the normal physiology of the ^ 
heart and the action of the cardiac ■ 
pacemakers and conducting systems. • 

There is also an increasing tend- s 
ency toward the introduction of j 
more basic science material into the 
clinical years. Free time for review 
and advanced studies in the basic 
sciences is being provided during the 
later stages of the medical training, 
and instructors in basic science fields 
are contributing to the conferences 
held for juniors and seniors dealing 
with teaching cases in the hospitals. 
This tendency to view the medical 
curriculum as a four-year con¬ 
tinuum instead of as two separate 
units has been one important factor 
in the present tendency for schools ■[ 
of basic medical sciences to expand 
into full four-year medical schools. 
There are other factors involved in 
this development, but the recognition 
of the inadequacy of basic science • 
instruction in the absence of any 
clinical contacts is one of the major 
influences. Two of the schools of 
basic medical sciences whose students 
formerly had to transfer to four-year 
schools for the junior and senior ■ 
work have now expanded to four- 
year medical schools and two others 
are well on their way toward com¬ 
pletion of the arrangements for such 
a change. Nearly all of the ten 
schools of basic medical sciences in 
the United States are exploring all 
possibilities in connection with sim¬ 
ilar expansions. 

These developments in medical 
education suggest the desirability of ; 
a similar less marked transition from 
the premedical to the medical. Per¬ 
haps this will be more difficult to 
achieve since it will probably remain 
true for a long time that very many 
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medical students will take their pre¬ 
medical training at schools and uni¬ 
versities having no medical school. 
However, a measure of change in the 
desired direction can be effected 
through premedical instructors fa¬ 
miliarizing themselves to a greater 
extent than they have in the past 
with the basic medical science cur¬ 
riculum. 

The instructor in physics who is 
alive to the important electrical 
changes that occur in active tissues 
and who knows something about the 
electrical nature of the nerve impulse 
can give material in electricity which 
will more effectively correlate that 
premedical subject matter with the 
medical work to follow. There is no 
intention that a course in physics or 
in any other premedical subject 
should be considered merely a tool 

I course which will provide the stu¬ 
dent with information technics and 
procedures which he may later use 
in his medical studies. Physics 

| should remain a scientific experience 
for the student. However, the elec¬ 
trical changes which occur in the 
beating heart and which make the 
heart a true battery with shifting 
positive and negative poles are as 
truly physical phenomena as those 
occurring in a battery. Similarly, in 
chemistry, such phenomena as os¬ 
mosis and filtration can as well be 
related to living systems as non-liv¬ 
ing systems. At many points similar 
adjustments could be made which 
would in nowise debase the natural 
sciences but would correlate them 
more closely with biological phen¬ 
omena and would add much in the 
way of student interest, even on the 

I part of such students as may not be 
aiming at the subsequent study of 

j medicine. 
It is doubtful whether it is desir¬ 

able to present special courses in pre¬ 
medical sciences for premedical stu¬ 

dents segregated from students with 
other ultimate educational aims. The 
biological aspects of chemistry and 
physics are as suitable in many in¬ 
stances for the teaching of these 
sciences to any student as are ex¬ 
amples from engineering or industry. 

There is room not only for a better 
integration of this kind, bridging 
successive stages in a student’s edu¬ 
cation, but also for far more integra¬ 
tion of related material which a stu¬ 
dent is taking at a given time. I 
have participated in the presenta¬ 
tion of biology to college freshmen 
and sophomores in a collaborative 
enterprise in which lectures, discus¬ 
sions and laboratory exercises are 
given by twenty men from ten dif¬ 
ferent university and medical school 
departments. The departmental af¬ 
filiation and special interests of each 
instructor are subordinate to the sub¬ 
ject matter of the year’s course. Con¬ 
stant discussion and criticism of each 
other by participants in the course 
have led to the presentation of bi¬ 
ology at this level which is far more 
economical and effective than is pos¬ 
sible without such close collabora¬ 

tion. 
The success of such plans in col¬ 

lege teaching is stimulating medical 
educators to think along similar lines 
in which the anatomist, the physiol¬ 
ogist and the pathologist do not give 
separate courses in their respective 
fields but collaborate in presenting 
an integrated picture of the body in 
health and disease in which acci¬ 
dental repetition is eliminated and 
planned repetition incorporated when 
required. For example, the joint 
presentation of the nervous system 
might employ an interdepartmental 
syllabus of topics, readings, refer¬ 
ences and laboratory instructions 
covering the gross and microscopic 
structure, the normal physiology and 
the derangements of that system 
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with the sequence of daily topics 
being determined by an interdepart¬ 
mental committee of instructors. 

III. BREADTH OF TRAINING 

Since doctors have a larger re¬ 
sponsibility in society than the im¬ 
mediate care of their patients, it is 
necessary that the premedical stu¬ 
dent obtain a broad, general educa¬ 
tion. It is as unsound to limit pre¬ 
medical training or sharply restrict 
it to the laboratory sciences as it is 
to permit a non-science student to 
complete college without working in 
the laboratory sciences. Experience 
in the humanities and the social sci¬ 
ences should supplement premedical 
scientific training just as work in the 
physical and biological sciences 
should be included in the general 
education of any student. 

It is becoming increasingly evident 
that the doctor may not isolate him¬ 
self from the broader affairs of man¬ 
kind and live a narrow, professional 
life. The doctor increasingly realizes 
that he must have an understanding 
of sociology, politics and economics. 
Problems relating to the equitable 
distribution of doctors and the pro¬ 
vision of adequate medical care and 
hospital facilities in all parts of the 
country including rural communities 
are as important to the doctor as 
those relating more specifically to 
illness in a given patient. The doc¬ 
tor should be equipped through edu¬ 
cation and habits of thought to deal 
with such problems as objectively as 
he deals with scientific questions 
which confront him. Such terms as 
prepayment plans, costs of medical 
care, hospital insurance, compulsory 
medical insurance, group practice 
and many others are terms as vital 
to doctors, medical students and pre¬ 
medical students as the terms dealt 
with in the fields of science. Even 
in their premedical studies, students 

should become acquainted with the 
many experimental plans for medical 
care now in operation under the aus¬ 
pices of railroads, industry, insur¬ 
ance companies, hospitals, clinics and 
county and state medical societies. 
We are graduating our students with 
equipment to practice good medicine 
but without adequate knowledge and 
understanding to cope with the prob¬ 
lems of relating that practice to new 
social conditions in a rapidly chang¬ 
ing world. 

When the student arrives in med¬ 
ical school and begins his basic sci¬ 
ence instruction it is very common, 
if not universally true, for the bio¬ 
chemist to state that the student’s 
training in chemistry was inade¬ 
quate. The physiologist states that 
the student knows no physics and 
the anatomist that he is innocent of 
all knowledge of biology. This may 
be related not only to the kind of 
training the student has obtained in 
his premedical studies but equally 
well to the kind of training the med¬ 
ical school instructor imposes upon 
the student at that later time. The 
chemistry instructor crams his course 
with as much factual material as he 
possibly can within the time limits 
and if possible obtains more time to 
stuff with further irrelevant detail. 
This the student struggles to retain 
until examination time. He manages 
to keep but little of it by the time 
he studies biochemistry. The bio¬ 
chemist expects him to have retained 
everything he learned in chemistry 
and proceeds to repeat the previous 
chemistry experience by again cap¬ 
turing as many hours of the cur¬ 
riculum as possible and filling them 
with the maximum of material. Left 
to himself the instructor tends to 
over-emphasize the role of his field 
in the total picture and similarly 
has an exaggerated opinion of the 
importance of all the details within 
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his field. One of the most salutary 
influences I have ever observed in 
correcting this very general educa¬ 
tional evil is the collaborative pres¬ 
entation of courses in which the in- 

* structor must justify to critical col¬ 
leagues in other fields the inclusion 
of the material of his course in the 
curriculum. This does not mean that 
the anatomist will tell the biochemist 
what to teach or that the physicist 
will be the judge of what is to be 
taught in biology. It does mean that 
an earnest discussion of the curric¬ 
ulum content by several men will 

i inevitably lead to each man evaluat¬ 
ing far more carefully not only the 
subject matter of his course but also 
the manner in which it is presented. 

Too often stress is laid on factual 
material with too little emphasis up¬ 
on general principles and habits of 

| thought. Fully as important as the 
I facts of sciences is the principle that 

‘‘facts” do not necessarily continue 
| to be true but are temporary general- 
' izations based upon limited knowl¬ 

edge. Facts must be constantly modi¬ 
fied as our knowledge increases. No 
matter how well versed a student is 
in the current facts of a given science, 
unless all his thinking is colored with 
this viewpoint he is not well trained 
in the science. This atmosphere in 
which nothing is permanently settled 

I and in which learning must be a 
continual process of revision is not 
nearly as comfortable as that in 
which a fact is learned and that is 

j the end of the matter. 

We have no greater obligation 
than that of guiding the student into 
scientific habits of thought. There 

i is no better way of effecting this in 
the case of at least the superior stu¬ 
dent than to have the student him¬ 
self engage in some investigation in¬ 
volving laboratory procedures. In 
the physiology department at the 
University of Chicago, in which un¬ 

dergraduate students as well as med¬ 
ical students and graduate students 
may work, it was possible for a stu¬ 
dent to take his Bachelor’s degree 
with his major emphasis in the field 
of physiology. Every such candidate 
for the degree was required to devote 
approximately one-third of his time 
for a six months’ period to labora¬ 
tory investigation. In most instances 
this involved the student assisting a 
staff member in some research prob¬ 
lem under way by that instructor. 
In the case of many students the 
assistance was minor. Those students 
who showed themselves capable of 
greater responsibilities were assigned 
larger places in research teams and 
a few superior students were able 
themselves to carry out minor prob¬ 
lems in laboratory investigation. 
Rarely were very significant contri¬ 
butions made by the student to the 
major research problem involved, 
but the educational returns to the 
student were greater than could be 
obtained in learning more factual 
material from textbooks, lectures or 
routine laboratory work in the spe¬ 
cial courses in physiology. Such 
work gives the student first-hand 
knowledge of how science grows and 
the source of the material which he 
studies in his other courses in 
science. He cannot obtain this feel 
toward science entirely by reading 
about experiments done by others. 
Except by participating in an ex¬ 
perimental attack upon an unsolved 
problem, it is not possible to appre¬ 
ciate the great labor and patience 
and persistence which is necessary 
in the solution of even a very minor 
problem in the field of science. 

It goes without saying that this 
direct instruction in the scientific 
method and in research cannot be 
given by instructors who themselves 
are not stimulated to seek answers 
to some questions, however minor 
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they may be, that remain unanswer¬ 
ed in the great realm of the unknown 
in science. The student who goes 
through his premedical and medical 
courses learning all the material at 
his disposal without becoming espe¬ 
cially interested in one of the many 
unknowns he encounters in his 
studies has missed something funda¬ 
mental to his education and vital to 
his later practice of medicine. The 
instructor who teaches what is 

known, however excellently, is remiss ! 
as a teacher unless he arouses an 
impelling curiosity in his students 1 

regarding the unknown. This he can j 
scarcely do unless he himself has 
been sufficiently stimulated to at¬ 
tempt to solve some problem at which j: 
he has worked earnestly during some ; i 
of the time remaining after the re- ' 
sponsibilities of the classroom, the i 
laboratory or the clinic have been i 
met. 
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SOCIAL SCIENCE 

PROCESS AND TRANSITION IN SOUTHERN ILLINOIS 
RURAL SOCIETY* 

JOHN W. BENNETT 

University of Chicago, Chicago 

I-INTRODUCTION 

That the history of rural America 
can be interpreted as the change 
from homogeneous, self - sufficient 

i communities to heterogeneous inter¬ 
related “rurban” areas is now a 
fairly common view in rural sociol¬ 
ogy. Less frequent, however, is the 
utilization of certain aspects of this 

j historical change as documentation 
for a general theory of social and 
culture change. Adherents of this 
theoretical position view human so¬ 
ciety as expressed within two major 
ideal types or tendencies of social 
action, culture, and mentality. These 
“types’’ have been variously termed 
Gemeinschaft - Gesellschaft, sacred- 
secular, folk-urban,* 1 and many oth¬ 
ers. It is important to remember 
that these terms refer not to actual, 
empirical societies, but to ideal types 
of society, used both as polar stand¬ 
ards to define a range of variability 
within which existing social units 
may lie, and also to develop hypo¬ 
theses about the interrelations of so- 

j cial and cultural forms within the 
ideal-type categories. The advan¬ 
tages of using this theoretical frame- 

' work lie in the fact that it provides 

a common terminology and a com¬ 
mon set of basic problems. Thus 
communities as diverse as a Ken¬ 
tucky mountain community, a New 
Mexico desert town, a West African 
native village, and an ‘ ‘ accultur- 
ated” American Indian society can 
be analyzed from the standpoint of 
various problems developed from the 
theoretical sacred-secular change. 

We do not imply, of course, that 
the American rural change is iden¬ 
tical with all changed folk cultures 
throughout the world. Although the 
same fundamental questions can be 
asked for all, the specific research 
problems naturally vary. In rural 
American culture, the particularly 
crucial problem is concerned with 
the varying types of ‘ ‘ urbanization ’ ’ 
of the countryside. While it is rec¬ 
ognized that by and large urbaniza¬ 
tion follows similar broad patterns 
everywhere, its operation in each re¬ 
gion, area, and community may 
significantly vary - significantly from 
the standpoint of interpreting the 
causal background of socio-cultural 
change. Furthermore, we are inter¬ 
ested in constructing major types of 
“urbanization”, which can be used 

* This paper is based on the results of several field studies in two counties bordering the Ohio River 
in southern Illinois. Mr. Herbert Passin initiated this research and directed it in the field. Sponsorship 
of the studies lay with the University of Chicago, Social Science Research Council, and U. S. Dept, of 
Agriculture, Extension Division. All conclusions are made on the basis of the field work done in 1939- 
1941. The war will have introduced important modifications in the general culture-change situation. 

1 Vide R. Redfield, The Folk Culture of Yucatan, University of Chicago Press, 1941. 
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for our theoretical problems in the 
sacred-secular context. 

II.-CULTURE AREAS 

The human ecology of the counties 
bordering the Ohio River in southern 
Illinois includes exceedingly diverse 
elements, varying from shanty-boat 
dwellers on the river to German- 
American farmers in the hills. It is 
possible to distinguish two kinds of 
cultural groupings (excluding the 
larger towns) in this area: 1. Small 
communities with a relatively high 
degree of correlation between legally- 
defined boundaries. The crossroads 
village of Stringtown2 is typical. 2. 
“Neighborhood” areas of variable 
extent, with patterns of intercom¬ 
munication and ecological determi¬ 
nants3 giving them cultural if not 
legal unity. A riverbottoms area 
along the Ohio is such a neighbor¬ 
hood; even though it is populated 
by unrelated mobile families, who 
must depend on the towns for all 
services (save for a school), the area 
has a distinct pattern of social inter¬ 
action which separates it clearly 
from other neighborhoods. 

In the past, the region possessed 
two major cultural patterns, the 
German and Old American. The sub- 
areas in the second category posses¬ 
sed a uniform culture and socio¬ 
economic background: similar agri¬ 
cultural techniques, a general pat¬ 
tern of collective action, mutual aid, 
strong church and family authority, 
self-subsistence. Moreover, the so¬ 
cial structure of each of the Old 
American areas was essentially sim¬ 
ilar. In the past, therefore, the basis 
for sub-areal division as far as the 
Old American areas are concerned, 
was primarily geographical; whereas 

at the present, the areal differentia- [ 
tion is a matter of varying cultures 1 
and social structures. 

The broad view of social change in 
this region consists in recognizing I 
the transition from a relatively 1 
homogeneous culture and economy ! 
to one which still possesses regional i 
unity, but which contains within its | 
borders communities and subareas ! 
with specialized cultures, societies, | 
and patterns of social change. 

The region studied comprises about 
one-half of each of two counties, the f 
socio-cultural area thus not conform¬ 
ing to the political boundaries save . 
only in certain formal aspects. This . 
region constitutes on a large scale a 
relatively unified “community” or • 
culture area. Such unity can be seen 
in terms of the following: (a) Resi- ! 
dents of the region recognize it as j 
“our country”; their definition of 1 
the outside world includes every¬ 
thing beyond the borders of this re- ] 
gion. (b) The region is relatively 
self-sufficient, containing major fa¬ 
cilities for economic and personal 
service, (c) Within the confines of 
the region, the incidence of social 
interaction is higher than it is with 
any part of the region and the out¬ 
side areas.4 

Finally, the region as a socio-cul- I 
tural area can be broadly character- s 
ized by certain types of socio-eco- . 
nomic organization and cultural i 
forms. We may summarize these as ' 
follows. 

(1) Agriculture is based upon a 
division between the upland and the 
river-bottoms. The latter constitutes 
a virtually inexhaustible source of 
rich soil, while the hills soil is be- ! 
coming extremely infertile. Thus a 
major portion of farm operators in 

2 Vide H. Passin, “Culture Change in Southern Illinois'’, Rural Sociology, Vol. 7, No. 3, 1942. 
3 Cf. E. T. Hiller, “Houseboard & River-Bottoms People”, III. Studies in the Social Sciences, XXI v, 

No. 1, 1939. 
4 With the usual exceptions, of course, in the form of individual families who may be related to 

families in adjoining regions and towns. But these are in the minority. 
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the hills must rent fields in the bot¬ 
toms to make sufficient money. This 
brings hill people into interaction 
with bottoms-dwellers, and frequent¬ 
ly results in hills families moving in- 
tito the bottoms. In the course of time, 
this dependence of the hills on the 
bottoms has become increasingly im¬ 
portant. 

(2) Other hills areas, particularly 
the German-American farmers, do 
not depend on bottomland for cash 
icrops, but participate in mutual-aid 
neighborhoods with other hills peo¬ 
ple who do depend on the bottoms, 
and also trade in the same villages 
and towns as do bottoms and other 
hills people. 

These and other modes of inter¬ 
action within this region have led to 
broad and general similarities in the 

■culture pattern, such as agricultural 
i techniques and equipment, religious 
beliefs, family types, and so on. 

In addition to the relative unity 
of this regional culture at the con¬ 
temporary period, it is possible to 

ildiscover certain patterns of change 
which characterize the whole. Al¬ 
though each sub-culture in the re- 
. gion has felt the effects of urbaniza¬ 
tion and secularization differently, in 
the regional view these differences 
can be ignored for wide-scale de¬ 

scriptive purposes. It is possible to 
describe the region as being relative¬ 
ly heterogeneous, urbanized, socially- 
differentiated, and dependent upon 
services extended by the larger ur¬ 
ban centers of the general region. 

11 Formerly a “backwoods” district in 
southern Illinois, typified by inde¬ 
pendent, relatively isolated subsis¬ 
tence farms, the area is now econom¬ 
ically tied to the wider cash crop 

[ agricultural market. Inequalities in 
land holdings and soil efficiency pre¬ 
vail, with correlated social class and 

; status differences. 

Our problems, therefore, are set by 
the following conditions. On the one 
hand we can recognize a region 
which can be generally described as 
uniformly urbanized and socio-eco- 
nomically changed, and on the other 
we can distinguish sub-cultural units 
within this region which have their 
own distinctive patterns of change 
and degree of urbanization. Because 
of individual cultural and social dif¬ 
ferences the units have responded 
differently to the regional processes 
of change; a proper understanding 
of these processes must include the 
recognition that the regional picture 
is not a simple sum of the parts, but 
a complex expression of social inter¬ 
action and historical relations. 

Obviously we cannot ask all the 
questions relevant to such a view, 
since the problems are too compre¬ 
hensive in scope. We shall merely 
describe briefly the type of change in 
each of the important sub-cultures 
of the region, and attempt to point 
out some of the more important con¬ 
clusions to be drawn. 

Ill-CULTURAL CHANGES 

Culture Change in Stringtown.— 
Stringtown, as one of the two small 
villages in the region, is a “com¬ 
munity” with more or less formal 
legal and social definitions. It has 
been a permanent settlement for a 
group of families for 90 years, and 
has been a trading center for people 
of other sub-areas almost as long. 
The relative unity of the social group 
and the persistence within it of fam¬ 
ily lives and cultural forms have de¬ 
termined in many respects the char¬ 
acter of urbanization and heterogen- 
ization of the present time. 

The key factor in Stringtown cul¬ 
ture change was the growth of moon- 
shining during the Prohibition era. 
Previous to this time, the community 
had resisted economic and cultural 
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secular influences with greater suc¬ 
cess than some other sub-areas, be¬ 
cause of a series of factors all more 
or less traceable to the distinct social 
and economic unity of the village. 

The results of liquor-making can 
be summarized: 

1) Removal of a large proportion 
of Stringtown families from an agri¬ 
cultural economy. 

2) Sudden increase in available 
cash, and associated random, uncon¬ 
trolled spending on “urban lux¬ 
uries”. 

3) Intensive use of automobiles. 

4) Familial ruptures over the 
question of morality of liquor-mak¬ 
ing, and subsequent breakdown of 
family solidarity and authority. 
Growth of immorality of all kinds. 

5) Breakdown of the authoritar¬ 
ian moral guidance of the church. 

The list could be indefinitely ex¬ 
tended. The essential point is that 
moonshining embodied all the essen¬ 
tial secular tendencies in the eco¬ 
nomic, social and cultural spheres 
leading toward social differentiation 
and cultural heterogeneity—and all 
these tendencies became operative in 
the short space of one decade. 

The effects of this sudden impact 
of secularism were as follows: 

1) Local social controls were pro¬ 
foundly disturbed on the familial 
and community levels. “The com¬ 
munity as a whole is not a well-inte¬ 
grated unit commanding the loyal¬ 
ties of the villagers”.5 

2) Removal of a large majority 
of villagers from a farming economy 
introduced acute economic insecurity 
and caused the growth of a class of 
landless families. 

3) This group constitutes a 
“lower-class” element, as contrasted 
to the ‘ ‘ upper class ’ ’ group of farm¬ 

ers. The landless group is divided) | 
into various marginal occupations * i 
WPA, relief, small sharecropping 
and itinerant labor. Status lines are)] 
not clearly fixed within and between; i 
these occupations. 

4) A widening division between! i 
the young people, who grew up in| 
the intensely urban-oriented 1920’s,i 
and the older inhabitants, who still 
cling to the older values and prac-: 
tices, wherever possible. Status dis-| 
tinctions, though indistinct, tend to 
follow this age-differential. An older,) 
traditionally - oriented person will 
participate within a different status 
hierarchy than will a younger, ur¬ 
banized individual. The relation of, 
such alignments to the socio-economiq 
two-class division is as yet in a fluid 
condition. 

5) Whereas in the “old days’ 1 
Stringtown was virtually self-suffix 
cient within its ecological area, hav-j 
ing all the services (stores, etc.) re4 
quired for the period, today its peo¬ 
ple are increasingly dependent on: 
the services of the larger towns and 
are unable to find resources in the; 
old community which satisfy andi 
support them. 

Social Differentiation in the Bot-\ 
toms.—In contrast to Stringtown, 
where a stable well-knit social struc-1 
ture resisted change more or less! 
successfully until a sudden powerful1 
impact destroyed the homogeneity’ 
once and for all, the Bottoms began! 
its transition at an early period andi 
gradually developed a differentiated 
mobile social system which is adapted: 
to the problems and tensions of a 
changing culture. 

The bottomland area south and 
southeast of Stringtown was the last 
area of the total region to be settled' 
by white farmers, since the necessity 
of clearing heavy vegetation and the 

5 Passin, op. cit., pg. 314. 
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fear of floods defeated earlier at¬ 
tempts. The soil was found to be 
immensely fertile and settlement was 
rapid. Although small subsistence 
farms were the rule in the beginning, 
most (and eventually all) of the land 
■soon came under the ownership of a 
few landlords, who rented their 
property for cash. In a relatively 
short time this system gave way to 
a tenancy-sharecropping arrange¬ 
ment, which exists at the present 
time. 

As the land itself fell into fewer 
and fewer hands, the introduction of 
agricultural machinery permitted 
fewer and fewer operators to farm 
a given tract. Thus most of the small 
renters and other Bottoms inhabit¬ 
ants gradually became a mobile farm 
labor group, or became part-time 

^fishermen. Shantyboat people from 
the river, no longer able to make a 
living from fishing, camped semi¬ 
permanently on the riverbank. In 

| recent times, the introduction of 
WPA created an additional economic 
grouping. 

These long-standing socio-economic 
groups—tenant, sharecropper, farm 
laborer-riverbank squatter, fisher¬ 
man—have in the course of time de¬ 
veloped into a ranked status system, 
with the super- to subordinate order 
roughly as above. WPA has been 
distributed between the sharecrop¬ 
per-farm laborer groups. Mobility of 
families and economic insecurity 
have prevented a “settled” society, 
a la Stringtown; nevertheless Bot¬ 

toms dwellers possess considerable 
solidarity and a consciousness of the 
great difference between their cul¬ 
ture and the others of the region. 

[Such attitudes also function as ra- 
I tionalization for their economic dif¬ 
ficulties and as it often happens, 

their failure as farmers in other 
areas. 

The more mobile Bottoms people, 
particularly the riverbank-farm la¬ 
borer element, have generally had 
considerable contact with the larger 
regional towns, either as laborers or 
in weekly trips for purchasing food. 
Such contacts have introduced a 
wide variety of random, dissociated 
urban traits: comic books, wieners, 
“pop”, and the like. The more far- 
reaching effects of such contacts and 
mobility can be seen in the disorient¬ 
ed, secularized attitudes and be¬ 
havior of these Bottoms residents. 

The important facts to remember 
in the case of the Bottoms are: 

1) Economic changes, operating 
through land-tenure, were operative 
in the Bottoms long before they were 
apparent in other sub-areas, even 
though the Bottoms were settled last. 

2) Familial mobility and insecur¬ 
ity have prevented the growth of an 
inter-related, integrated “commun¬ 
ity”. Nevertheless solidarity exists. 

3) Adjustment of drastic socio¬ 
economic change to the values of the 
regional equalitarian, individualist 
culture has been a ranked status 
system, which is characterized by 
aspiration toward the tenant-farm 
level. Such a system permits the 
individual to believe he can “work 
himself up” from riverbank to ten¬ 
ancy (actually he cannot for many 
reasons) ; thus it functions as a ra¬ 
tionalization of extreme social differ¬ 
entiation. The Bottoms, by a process 
of long adjustment, has perhaps ac¬ 
comodated to change more efficiently 
than Stringtown, where everything, 
so to speak, went at once. 

Culture Change in the Hills.6— 

6 For materials on the Hills we are particularly indebted to Lt. H. L. Smith, U.S.A., who specialized 
in this area while in the field. 
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The hills north of the Bottoms have 
three principal sub-areas.7 

1) The Northeast Hills is an area 
closely related to the eastern Bot¬ 
toms, since most of the sharecroppers 
and tenants of the latter come from 
the former. This sub-area is charac¬ 
terized by small subsistence farms 
located on hilly loess soil, badly 
eroded and never properly farmed. 
Most of these farms are marginal or 
sub-marginal, on relief or FSA. 
Many have been abandoned. The 
principal pattern of change in this 
subarea has been as follows: 

Since the hilly, rugged northeast¬ 
ern subarea was least desirable in the 
eyes of the incoming Southern set¬ 
tlers, it was occupied by only the 
most mobile and least educated fam¬ 
ilies. Extremely exploitative farm¬ 
ing techniques permitted an ade¬ 
quate living for many years, but 
eventually erosion and soil exhaus¬ 
tion took their toll. The various farm 
relief devices of the present period 
have indirectly served to convert 
most of these former self-supporting 
small farmers into a rural proletariat 
living on a strictly cash basis, but 
who still reside on the crumbling 
properties. Most of the farms are no 
longer adequate for subsistence, let 
alone cash crops. 

2) The rolling, but fertile Upper 
Hills is the most ‘ ‘ successful ” of all 
the Old American regional areas in 
that it has been affected least by 
change from an economic standpoint, 
and has maintained its traditional 
culture to a large extent. The ‘ ‘ best ’ ’ 
families settled here, practiced reas¬ 
onably careful agriculture, and es¬ 
tablished large families. Geographic¬ 
al isolation rendered contact with 
the towns and cities infrequent. 

At the present, isolation is still 
important, although the children at¬ 
tend high school in a regional large 

7 A fourth, the Lower Hills, will for this brief 
in a sense, the most stable, landed element. 

town, and are inclined to leave the: 
old homesteads in increasing (though, 
still small) numbers. The war has 
accentuated this trend, of course.: 
Crops are still good, and permit a, 
secure living, although not as abun-i 
dant as in the past. The culture as 
a whole has not broken up: young i 
and old go to church; family and, 
religious authority is strong; many, 
old customs, such as the ‘ ‘ shivaree ’ ’,; 
persist here and in no other subarea. 
The Upper Hills wTas able to take, 
over a cash-crop agricultural system, j. 
adapting itself to the changed eco-, 
nomic relations but preserving the 
essential features of the old folk cul- ( 
ture. The Upper Hills and the Bot¬ 
toms, despite profound cultural and; 
economic content differences, have 
some processual similarity in that 
change is occurring (in the Hills) , 
gradually and is accomodated by a 
realignment in the social structure. 
A ranked status system is developing 
in the Hills, based largely on tradi- ; 
tional vs. urban oriented families, 
while in the Bottoms the status heir- 
archy was principally a matter of 
socio-economic differentiation. The j 
structural adjustments are similar 
but the content varies. A String-, 
town-type dual status system is ap-' 
parent, also, though very much un¬ 
developed, since the old culture is( 
still powerful. 

3) The German Hills is spacially1 
interspersed and socially interactive 
with the Upper Hills. This broad 
area includes the finest farms of the1 
region and by and large, the most 
stable, successful families—supersed-1 
ing in these respects any of the Old 
American areas. These German farm¬ 
ers are of both Pennsylvania Dutch 
and Old Country descent, and began 
entering the region as early as 1858.. 
They have retained to an extraordi-! 
narily great extent the frugal, care- 

paper be considered as an extension of Stringtown;. 
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ful and efficient agricultural econ¬ 
omy of their places of origin. 

Culture change in the German 
Hills has proceeded in two direc¬ 
tions: (a) Economic change from a 
largely self-subsistence economy to a 

. cash crop basis. In this regard, the 
German Hills stands about equal to 
the Upper Hills in respect to amount 
of influence such a change has had. 
It is not as great as in the Bottoms 
or Stringtown. (b) The alteration of 
the old German culture towards the 
Old American (Upper Hills) pat¬ 
tern. 

The latter change has been grad¬ 
ual and subject to resistance on the 
part of the Germans, but the process 
has gone on. The language is now 
spoken by only a few oldest inhabi¬ 
tants; the characteristic old German 
foods—sausages, cheeses, et. al.—are 
now of no great importance in the 
whole diet. The acculturation pro¬ 
cess is accompanied by noticeable 
tension and some anxiety in the form 
of an attempt by German farmers 
(and their wives) to conceal from an 

i observer any prominent vestiges of 
I the old culture.8 A status system 

(not clear-cut) has been developing 
: along the familiar old-young lines, 

differing from Stringtown in that 
the explicit age factor is not as pro- 

i nounced, the underlying American- 
oriented —- German-oriented hiatus 
being more apparent. As time goes 
on, however, the youthful individ¬ 
uals will tend more and more to rep- 

i resent the American-oriented group. 
In both the Upper and German 

I Hills there is a developing relation¬ 
ship with residents of one of the 
larger towns of the region, via sons’ 
and daughters’ marriages with 
townspeople. This factor is intro¬ 
ducing and integrating many urban 

I tendencies particularly in the area 

of food habits, child raising, and 
reading. Such changes should be con¬ 
trasted to the superficial, uncoordi¬ 
nated, urban-luxury desires of many 
of the mobile, acculturated, low 
status people in the Bottoms, and 
former moonshiners in Stringtown. 

The Negro Communities. — Two 
Negro neighborhoods lie in the area 
on the northern margin of the Bot¬ 
toms. One is as old as any of the 
Old American subareas, being popu¬ 
lated primarily by families forced 
out of the Bottoms by whites many 
years ago. The people of this older 
area are the most traditionally- 
oriented, possessing much of the old 
Negro culture: superstition, magic, 
midwivery, etc. The newer neighbor¬ 
hood is the most urbanized of the 
two, and the most economically de¬ 
based. Many of the older neighbor¬ 
hood’s families have enough land to 
raise gardens; very few of the 
younger area’s families have such 
land. WPA and relief literally kept 
Negro families alive (particularly in 
the newer area) during the period of 
field study. 

Culture change in these Negro 
neighborhoods has consisted of the 
almost complete loss of land and 
progressive breakdown of the old 
self-subsistence structure until it no 
longer exists. This is more extreme 
than in any of the white areas. 
Along with this change went the 
breakdown of much of the tradition¬ 
al culture and extended family sys¬ 
tem. Since, however, the regional 
status of the Negroes relegates them 
to a caste-like position, the internal 
results of change have been quite 
different from the white areas. Such 
cultural elements as the church have 
been strengthened and intensified in 
the face of disintegration, as an at¬ 
tempt to preserve the sense of au- 

8 The war is doubtless the major factor in this attitude. It is a common phenomenon in German- 
American groups in the Midwest, and may be also in other parts of the country. 
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tonomy and distinctness which the 
Negroes still possess, and also to pro¬ 
vide a central rallying-point for peo¬ 
ple and culture. There is a general 
analogy between this phenomenon 
and “revivalism” in American In¬ 
dian cultures. 

A status system is also apparent, 
although not clear-cut, and appar¬ 
ently old: The descendants of the 
old landowning Negro families are 
superordinate; the younger, disor¬ 
ganized families, generally on relief, 
are subordinate. The WPA segment 
may have been (in 1941) showing 
tendencies to merge into the regional 
WPA low-status rank, along with the 
whites. 

IV.-SUMMARY 

We may summarize the materials 
on culture change in these various 
socio-cultural areas of the region. 

First, it is evident that each of the 
areas briefly discussed has experi¬ 
enced a change from a relatively in¬ 
dependent, self-subsistent, homogen¬ 
eous society-culture to a relatively 
dependent, differentiated type. Such 
changes in the economic, social and 
cultural spheres are to be attributed 
to the large-scale influence of the 
increasingly centralized, pecuniary, 
complex American economic system, 
and the accompanying social read¬ 
justments. Regionally these sub¬ 
cultures are no longer independent 
units, but relatively specialized, in¬ 
ter-dependent areas within a wider 
“town-country” network of interre¬ 
lations. 

On the one hand, homogeneity 
within the sub-cultures has given 
way to heterogeneity in varying de¬ 
grees; on the other, the region has 
become more inter-dependent from 
an economic standpoint, since Hills 

people depend on the Bottoms for | < 
cash crops, and services are now sup- i 1 
plied by stores in nearby towns. Thus i 
in the cultural and social structural I 
context, the region is less well or- t 
ganized than in the past; from the I 
economic (and to a certain degree, i; 
the socio-economic) standpoint, the i 
region is more highly organized.9 i! 
This is more than a simple-to-com- j 
plex, folk-to-urban change, but the | 
development of a new type of socio¬ 
economic structure which might be 
called transitional, since it more or 
less successfully places the folk and 
the urban in some form of concord¬ 
ant framework. 

In each of the areas examined, 
this transitional structure has taken 
different forms, according to the 
specific culture-historical background 
and socio-economic conditions. In 
Stringtown, the recent impact of 
change has been scarcely accomo¬ 
dated, but the development of a dual 
status system based on the tradition¬ 
al-urban orientation division, and 
stratified by socio-economic class, is 
now in process. In the Bottoms, the 
traditional-urban hiatus is lacking, 
since all Bottoms dwellers are rela¬ 
tively mobile, acculturated individ¬ 
uals. But socio-economic groupings 
have been converted into a system¬ 
atic rank-order status system, which 
adapts the changed conditions to the 
generally accepted individualistic- 
competitive values of the older pat¬ 
tern. Among the Negroes, disorgani¬ 
zation is partially controlled by an 
intensification of certain institution¬ 
al features, particularly the church 
and religion, which is a result of the 
added complication of caste-status.10 

In the Northeast Hills, it would 
appear that the problem is unre- 

9 It should be remembered, of course, that each sub-culture should be regarded as a problem in itself. 
.’ - - • • --But seen as a whole, In certain contexts, individual sub-cultures might not bear out this generalization 

each sub-area fits into this kind of regional process. 
10 Cf. E. C. Hughes, French Canada in Transition, Univ. of Chicago Press, 1946 

the relativity of status in terms of ethnic (French & English) divisions. 

for an analysis of 
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solved. The culture and economy is 
broken; residents are migrating.11 In 
the Upper Hills, the older culture 

j;is powerful enough to command re¬ 
spect and authority, although move¬ 
ment of the children away from the 

. area is occurring. A Stringtown-type 
dual status system is arising. In the 

i German Hills, adjustment takes 
place as the German families ap¬ 
proach an acculturated norm in 
which the culture is composite Old 
American-German, and social and 

i economic interaction occurs with 
Upper Hills farmers. In the prov¬ 
ince of direct urban influence, the 
firm integration of urbanisms via 
relatives in the Hills must be con¬ 
trasted with the random urbanisms 
of the Bottoms and Stringtown. 

From these brief conclusions, it 
would appear that the concept of 
“urbanization” is indeed a complex 
one, and must be explored both in 
the broad processual sense and in 

; specific change-situations. For dif¬ 
ferent problems, different views of 
the concept are necessary. If inter¬ 
ested in prediction of culture change, 
a general typology of transitional 
societies and processes must be 

; erected. If interested in practical 
I endeavors, such as modification of 

food habits or farming techniques, 
;j we must distinguish carefully be¬ 

tween socio-economic forces operat¬ 
ing on a regional basis, and those 
(plus cultural differences) in opera¬ 
tion on the sub-areal level. 

Thus if we wished to alter food 
habits for the region, we could first 
consult materials concerning region¬ 
al problems of supply, general sales 
trends, and the like. But each of the 
sub-areas would have to be consid¬ 
ered in terms of the distinctive in¬ 
tegration of food habits in the vary¬ 
ing conditions of culture change,12 
such as status and prestige in the 
Bottoms, acculturation and prestige 
in the Hills, urban tastes in String- 
town, and so on. The consideration 
of such factors would have to be 
integrated within a regional modi¬ 
ficatory program based on such fac¬ 
tors as economic and transportation 
requirements. 

Underlying such considerations 
are more fundamental theoretical 
questions regarding the delimitation 
of areas of social interaction, social 
status, and particularly the contri¬ 
bution of a “sub-culture” to the re¬ 
gional culture area of which it is a 
part. Questions in these fields can 
be answered only by co-ordinated re¬ 
search both in the field and on avail¬ 
able published studies. The import¬ 
ant requirement is the systematic 
formulation of problems. 

u This conclusion is tentative and subject to revision. If FSA continues to function, the situation 

may persist ind^mtely^^ R L gmith> H Passin> “Food and Culture in Southern Illinois”, American 

Sociological Review, Vol. VII, No. 5, 1942. 
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ZOOLOGY 

RATE OF ESCAPE OF FISHES FROM HOOPNETS* 

DONALD F. HANSEN 

Illinois Natural History Survey 

DESIGN OF THE HOOPNET 

The traps used in the present ex¬ 
periment are called barrel nets, wing 
nets and fyke nets, as well as hoop- 
nets. The nets of this type used by 
commercial fishermen vary in design 
with respect to number of chambers, 
size of mesh, size and shape of the 
funnels, and length of wings. The 

- so-called buffalo net, which is similar 
■ except that wings are absent, is es¬ 
pecially designed for use in strong 

* current. The general design of the 
net described below is fairly typical 
of the wing type nets used on the 
Illinois River and at least on some 

* parts of the Mississippi. These nets 
are nearly always made with two 
compartments and with wings under 
10 feet long. 

Figure 1 shows five freshly tarred 
I nets loosely stretched for drying. 

The wings are doubled back over the 
hoops and are not clearly shown. 

! Four other nets with poles attached 
are shown stacked in the upper right 

| hand corner of this figure. The 
I cylindrical part of the net is made 
! of a series of metal or wooden hoops 

covered with netting, the mesh of 
which differs in size in accordance 
with various legal specifications and 
preferences of the fishermen. The 
wings are rectangular pieces of net¬ 
ting, one on either side of the front 

of the net and attached in such a 
way as to guide the fish toward the 
entrance funnel. Midway from front 
to back a second funnel divides the 
net into two compartments. The 
funnel openings are midway between 
top, bottom and sides. The opening 
of the front funnel is ordinarily con¬ 
siderably larger than that of the sec¬ 
ond. A fish entering the front com¬ 
partment usually moves about until 
it either escapes from the net or 
passes through the second funnel in¬ 
to the rear compartment, from which 
chances of escape are lessened be¬ 
cause of the smaller diameter of the 
back funnel opening and because the 
inner funnel is camouflaged by the 
finger-throat. See drawing. Finger- 
throats were used on the rear funnel 
of all the experimental nets. The 
commercial nets, however, are some¬ 
times built with finger-throats on 
both funnels, but at other times the 
fingers are omitted from one or both 
funnels. 

Three stout wooden poles, one at 
the end of each wing and the third 
at the end of the drawstring, which 
closes the back compartment, are 
pushed into the river or lake bottom 
to hold the nets in the “set” posi¬ 
tion. A separate piece of netting, 
mounted on poles, called a lead, has 
the function of guiding the fish to 

* For his critical reading' of the manuscript I am especially indebted to Dr. David H. Thompson. 
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Fig. 1.—Freshly tarred hoopnets on a drying lot. The wings on the nets in the 
foreground are doubled back over the cylindrical part of the nets and are, therefore, 
not clearly shown. 

the space between the wings. Leads 
are not often used in connection with 
nets set where there is strong cur¬ 
rent. 

The nets used in the experiments 
had approximately the following di¬ 
mensions. The cylindrical portion of 
the nets used was 10 to 12 feet long, 
with wings about 8 feet long, making 
the total length about 20 feet. The 
net diameters were of 2 sizes, 3^/2 
feet and 4% feet and were fished in 
water of these respective depths. The 
wings, front funnel and outside wall 
of the front compartment were of 
1Y2 inch mesh bar measure. The 
second funnel and rear compartment 
were of 1 inch mesh bar measure. 
All nets had square or round en¬ 
trance funnels except net No. 7 in 
the 1944 tests at Lake Glendale, 
which had vertical slots for en¬ 
trances; these slots were the same 
height as the net itself. The average 
diameter for the front funnel open¬ 
ing was approximately 10 inches and 
for the back funnel 6 inches. Leads 
60 feet long were used with all nets. 

DESCRIPTION OF THE EXPERIMENTS 

The experiments were conducted 
at Maple Lake, Cook County, in the 

fall of 1941 and at Lake Glendale, i| 
Pope County, in the spring of 1942 
and 1944. Mr. Daniel Avery, field ' 
assistant with the Survey, was an 
enthusiastic participant. Shortly be- 
fore the beginning of the experi- j 
ments, it was learned that fish placed i 
in the rear chamber of a net could 1 
make their exit by way of the funnel , 
openings through which entrance to ; 
the net had originally been made. ' 
On one occasion largemouth bass and 
on another occasion warmouth bass J 
had escaped when numbers of each : 
had been stored in nets overnight. 

The tests consisted of taking the 
fish caught in a given net, marking , 
them with a metal tag or by cutting 
off part of a fin, and immediate^ ‘ 
replacing them in the same net in ■ 
the rear or innermost of the two com¬ 
partments. The nets were then reset 
and were not disturbed until a re¬ 
count of the marked fish was made 
1 or 2 days later. The fish were not 
credited with an escape unless absent 
from both compartments when the 
recounts were made. Escape necessi- j 
tated an exit first through the rear 
funnel and finally through the front 

funnel. 
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The tests showed very conclusive¬ 
ly that both the bluegill and the 
nargemouth bass are adept at making 
escapes. Only a few individuals of 
>Dther species were tested. The abil¬ 
ity which some fish have of getting 
out of the net after capture has been 

■recognized by Jacocks (1943). This 
ability is also recognized by some 
commercial fishermen, but generally 
the failure of the nets to capture 
certain species is attributed by the 
iommercial fishermen to the alertness 

)bf the fish in avoiding the nets rather 
:than in their ability to escape after 
original capture. The manner in 
which hoopnets are selective for cer¬ 
tain species is strikingly shown by 
Schumacher and Eschmeyer (1943). 
;\A decided lack of correspondence in 
proportions of different species in 
hoopnet and anglers’ catches has 
been shown by the writer (1942). 

Species referred to in table 1 in¬ 
clude the following: 
Bluegill—Lepomis machrochirus mach- 

rochirus 
iGrreen Sunfish—Lepomis cyanellus 
Pumpkinseed—Eupomotis gibbosus 

jWarmouth Bass—Chaenobryttus gulosus 
Largemouth Bass—Huro salmoides 
White Crappie—Pomoxis annularis 

j Black Crappie—Pomoxis nigro-maculatus 
Black Bullhead—Ameiurus melas melas 

EXPERIMENTAL RESULTS 

The kinds and numbers of fish 
j employed in the trials and the num¬ 
bers of fish making escapes are 

(shown in table 1. The number of 
escapes from individual nets ranged 
from none out of 6 bluegills kept in 
a net for 24 hours to 16 out of 16 
bluegills (100 per cent) kept in a 
net for 50 hours. The results of the 
several trials may be summarized as 

i follows: 
One day trials at Maple Lake. Average 

time 23y2 hours. 
81 bluegills used: 26 or 32 per cent 

escaped. 
3 white crappies used: 0 escaped. 

2 warmouth bass used: 0 escaped. 
1 pumpkinseed used: 0 escaped. 

One day trials at Lake Glendale. Av¬ 
erage time 23 hours. 
44 bluegills used: 16, or 36 per cent, 

escaped. 
16 largemouth bass used: 6 escaped. 

Two day trials at Lake Glendale. Av¬ 
erage time 51 hours. 
36 bluegills used: 32, or 86 per cent, 

escaped. 
5 largemouth bass used: 1 escaped. 

It should be understood that the 
experiments were conducted with 
the hoopnets set in the usual way for 
catching fish. The actual numbers 
caught during these tests are shown 
in the right hand column of table 1. 
By clipped fins or metal tags the 
experimental fishes could be sep¬ 
arated from those which were newly 
caught. 

VALIDITY OF RESULTS 

The validity of the experiments 
would, of course, depend on the con¬ 
ditions (1) that there were no 
broken meshes in the nets through 
which the fish could escape, and (2) 
that the experimental fish were not 
stolen from the nets. The nets were 
examined for holes both at the be¬ 
ginning and the end of each of the 
trials and no breaks were found. It 
is unlikely that any of the fish were 
stolen. While the nets remained un¬ 
guarded at night, we are satisfied 
that we would have recognized a net 
that had been disturbed, especially 
since in both localities most of the 
residents are unaccustomed to hoop- 
net manipulation. Even if thieves 
had disturbed the nets and had tried 
to reset them, it is unlikely that the 
nets would have been left in good 
order. 

The individual lengths of the fish 
used in the experiment at Maple 
Lake were not recorded. They were 
all of moderate size. At Glendale, 
the bluegills and bass were measured 
at the start of the experiments. The 
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Table 1.—Details of Experiments to Find Out How Many Fish Would Escape 

from an Ordinary Two-Compartment Hoopnet When Fish Were Marked and 

Placed in the Rear Compartment 

Net and Period Kinds Number Number Fish caught in the 
Date fin of of fish used in of same net during the 

marked exper- used exper¬ escapes period of the 
iment iment experiment 

Maple Lake s—1941 

Oct. 4 Net No. 6 22 hrs. Bluegill 54 19* 26 Bluegills 
Pelvic White crappie 3 0 4 White crappies 

Warmouth 2 0 1 Black crappie 
Pumpkinseed 1 0 1 Warmouth 

1 Black bullhead 

Oct. 5 Net No. 6 25 hrs. Bluegill 27 7** 24 Bluegills 
Pelvic 

Lake Glenda lie—1942 

6 Black crappies 
1 White crappie 
1 Black bullhead 

March 12 Net No. 1 24 hrs. Bluegill 6 0 99 Bluegills*** 
Right Largemouth 2 0 1 Largemouth*** 
Pelvic 1 Black bullhead*** 

Same ex= 54 hrs. Bluegill 6 no count 217 Bluegills 
periment Largemouth 2 1 11 Largemouth 
continued 3 Black bullheads 

1 Green sunfish 

March 12 Net No. 3 49 hrs. Bluegill 8 5 29 Bluegills 
Left Largemouth 1 0 4 Largemouth 
Pelvic 5 Green sunfish 

1 Black bullhead 

March 12 Net No. 5 50 hrs. Bluegill 12 11 26 Bluegills 
Dorsal 2 Black bullheads 

1 Green sunfish 

March 12 Net No. 7 50 hrs. Bluegill 16 16 48 Bluegills 
Anal Largemouth 2 0 8 Largemouth 

March 14 Net No. 7 24 hrs. Bluegill 38 16 20 Bluegills 
Anal 

ile—1944 

6 Largemouth 
1 Black bullhead 

Lake Glenda 

March 27 Net No. 7 
Metal Tag 

24 hrs. Largemouth 12 6 not observed 

March 27 Net No. 8 
Metal Tag 

24 hrs. Largemouth 2 0 not observed 

* One more bluegill (not included among the 19) had succeeded in reaching the front compartment. 
** Two more bluegills had reached the front compartment. Two of the experimental fish we.e dead 

in the rear compartment. 
*** Counted and returned to net, but not marked. Included in the 54-hour set below. 
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bass ranged from 9.6 inches to 13.9 
inches total length in the 1942 trials 
and from 8.2 inches to 19.0 inches 
in the 1944 trials. The bluegills 
ranged from 6.3 inches to 8.6 inches. 
The bluegills at Maple Lake were 
smaller, ranging from 4.5 inches to 
7.0 inches. Since 1 inch mesh, bar 
measure, is fine enough to retain 
bluegills as small as 3.6 inches and 
largemouth bass as small as 6.5 
inches, is is clear that the smallest 
sizes used in the experiments were 
too large to escape through the 
meshes. 

Where several trials were started 
on the same day as at Lake Glendale 
(on March 12, 1942), the fish belong¬ 
ing to different experiments were 
marked by clipping a different fin 
except in 1944 when the bass were 
marked with metal tags. The prac¬ 
tice of clipping different fins was 
followed in order that the fish could 
not escape from one experimental 
net into another without being rec¬ 
ognized. There were no instances, 
however, of such mixing. 

There was, of course, no way of 
recognizing a fish which might escape 
from a net and later return to the 
same net. Such occurrences prob¬ 
ably were rare, but would result in 
the tests showing fewer escapes than 
actually occurred. 

Controls to show the effect of fin 
clipping on the number of escapes 
were not used in connection with 
these experiments. The effect of fin 
clipping might be of two kinds. Fin 
clipping might interfere with swim¬ 
ming and hence tend to lessen the 
number of escapes. On the other 
hand, the operation might intensify 
the desire and the effort to escape. 
The latter effect, however, does not 
seem to be an especially likely one. 
Neither caudal nor pectoral fins, 
which are much used in swimming, 
were clipped. 

THE EFFECT OF WATER TURBIDITY ON 

NUMBER OF ESCAPES 

The escape trials at Maple Lake 
were run under quite different con¬ 
ditions of turbidity than those at 
Lake Glendale. At Maple Lake the 
(4 inch, white) Sechii disc disap¬ 
peared at a depth of 29 inches while 
at Lake Glendale the disc could be 
seen to a depth of 13.5 inches on 
March 14, 1942; to a depth of 10 
inches on March 15, 1942; and to a 
depth of 10.5 inches on March 27, 
1944. The more turbid conditions 
found at Lake Glendale did not seem 
to have a noticeable effect on the 
number of escapes. This would be 
contrary to the expected result if 
the escapes are made with the aid of 
vision; that is, by the trapped fish 
seeing and purposely swimming 
through the funnel openings. It is 
quite possible, however, that a tur¬ 
bidity threshold might be found at 
which the number of escapes would 
be very much reduced. 

It should be kept in mind that 
while the turbidity conditions were 
not the same in the two lakes, certain 
other conditions were also different, 
including sizes and ages of the fish 
used and temperature of the water. 
These factors, however, would not 
seem to have so much importance as 
turbidity differences. 

THEORY OF HOW FISH ARE CAUGHT 

Fish entering the trap do so by 
their own movements. Supposedly 
some are caught because the entrance 
hole happens to stand in the exact 
path of movement, while others are 
taken when they attempt to get past 
one of the wings which has inter¬ 
fered with forward movement. There 
is also the possibility that certain 
species, for example, members of the 
catfish family, are actually attracted 
by the enclosure, just as they are 
attracted by hollow logs and bank 
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holes. For certain other species the 
net might have the same attraction 
as brush or submerged tree tops. To 
some extent the fish within the net 
may decoy others. Also, a ‘‘sheep” 
reaction, in which one fish entering 
the net is followed in closely by 
others, may be important. Entrances 
and departures of fish in pairs has 
been observed by Mr. Robert Clark 
of Bath, Illinois. Some fishermen 
bait the nets, but this is not often 
done with the wing type hoopnet. 
Baits are almost never used in the 
hoopnet operations of the Illinois 
Natural History Survey. 

THEORY OF FISH ESCAPE 

A horizontal plane passed through 
the center of the hoopnet will show 
that the sides of the funnels and the 
sides of the net form a succession of 
hearts. The writer used to imagine 
that the heart-shape of the net cham¬ 
bers contributed to the success of the 
net in retaining captured fish. It 
was supposed that a trapped fish 
in trying to find its way out was 
kept swimming in circles. The writer 
also pictured the trapped fish as 
carrying on a more or less continuous 
and excited search for a route of 
escape and that its excitement con¬ 
tributed to failure to find that route. 
But this sort of behavior is not the 
kind described to me by Robert 
Clark and Jack Varnox, both of 
whom watched fish in hoopnets in 
the winter through clear ice at Bath, 
Illinois. According to these men, the 
fish which they watched showed not 
the least sign of excitement within 
the net; whether entering or escap¬ 
ing from the net, their movements 

were always leisurely. Clark has 

watched the entrance and escape of 
crappies, sunfish and bass, while 

Varnox has watched entrance and 

escape of bullheads. Clarence Pace 

of Liverpool, Illinois, has watched 
the behavior of carp (Cyprinus car- I 
pio) in the nets and found that they 
were much more sluggish in winter 
than in summer. In the summer he 
has seen carp enter a net and im- i 
mediately turn around and go out | 
without the slightest difficulty. In 
this connection we have noticed that 
fish brought from the wild to indoor 
aquaria seldom show any excitement 
as a result of the close confinement. 

My colleague, Bruno von Limbach, 
suggests that fish captured in hoop- | 
nets ordinarily would have less cause 
for excitement than those placed in 
aquaria. For example, the aquarium 
fish has been removed from its nat¬ 
ural surroundings, may have under- j 
gone changes in temperature, may | 
have been placed in different water, 
and been handled more or less rough¬ 
ly in transit. 

If the trapped fish in the wild 
accept captivity with little or no ex¬ 
citement, as was observed by Messrs. 
Clark and Varnox, it may be con¬ 
jectured that they spend consider- .j 
able time in idly swimming or in j 
lingering in the middle of the net 
near the funnel opening. The cap¬ 
tive might then escape by swimming 
through the funnel either by acci¬ 
dent or by passing through purpose¬ 
ly after seeing the opening. 

If trapped fish are usually calm, 
conceivably they may be excited on 
occasions when the net is crowded 
or when large voracious species of 
fish or turtles are included among I 
the captives. However, from experi¬ 
ence in working with hoopnets, it 
may be said that ordinarily the fish 
within a net appear to be fairly 
‘ ‘ settled ’ ’ until the fisherman grasps 
the net preparatory to lifting it into 

his boat. Only at that point is the 

charging of large fish against the 

sides of the net apparent. 
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EFFECTIVENESS OF THE FINGER-THROAT 

AS A HINDRANCE TO ESCAPES 

The finger-throat is a device used 
on the inner funnel for the purpose 
of camouflaging the opening and fur¬ 
ther acts as a mechanical hindrance 
to exit. It may roughly be described 
as consisting of 2 half cones of twine, 
one on either side of the funnel 
mouth. The individual strings spaced 
an inch apart which make up the 
fingers are tied to a median string, 
which, in turn, is secured to the back 
hoop. 

Fig. 2.—Sketch showing part of the 
rear hoopnet funnel with projecting 
finger-throat. 

The design of the finger-throat is 
such that it is relatively inconspicu¬ 
ous to fish entering the funnel and 
thus has a minimum frightening ef¬ 
fect. The lateral distance between 
the two halves of the throat is about 
3 inches. When necessary the two 
halves may be forced apart to allow 
passage of fish of greater width. An 
examination of figure 2 will show 
why this device is not more effective 
in preventing the escape of fish 
caught in the rear compartment. Al¬ 
though it is apparent that the finger- 
throat would act as a barrier to fish 
approaching the mouth of the funnel 
from the side, it would seem to be 

relatively a much less effective bar¬ 
rier when the funnel is approached 
from directly in front or from slight¬ 
ly above or below the center of the 
opening. 

EFFECT OF THE RATE OF ESCAPE ON 

HOOPNET EFFICIENCY 

Usually hoopnets are raised at ap¬ 
proximately one-day intervals. But 
for various reasons, the periods be¬ 
tween raises may be stretched to two 
days or longer. On the basis of the 
above tests and from direct observa¬ 
tions of Messrs. Clark, Yarnox and 
Pace, it is clear that fish of certain 
species entering the hoopnets are not 
permanently confined but instead 
numbers of them will escape within 
a period of minutes or hours. Where 
the purpose of the fisherman is to 
catch the largest number of fish in 
the shortest time, there is thus an 
obvious advantage in raising the nets 
at frequent intervals in order to se¬ 
cure individuals which would other¬ 
wise escape. 

Where hoopnets are used for 
quantitative evaluation of a fishery 
it would seem to be important to 
standardize the period of the set. In 
the past we have assumed that doubl¬ 
ing the period of the set doubled the 
catch. As a general assumption this 
was doubtless not a valid one, al¬ 
though it might hold for certain 
species or under certain conditions. 

A preliminary check on this mat¬ 
ter as applied to a bluegill popula¬ 
tion was undertaken at Lake Glen¬ 
dale, March 25-31, 1944. We used 
six nets, of 1 inch mesh, set for al¬ 
ternate periods of one-day and two 
days so that the long and short sets 
were spread throughout the week in 
which the tests were made. During 
the week 17 one-day sets and 16 two- 
day sets were obtained. The one-day 
sets yielded 28.8 bluegills per net 
while the two-day sets yielded 38.8 
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bluegills per net. The two-day sets, rather than twice the number. Pre- 
therefore, yielded only 1.36 times as sumably this ratio would vary with 
many bluegills as the one-day sets the species. 
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NOTES ON THREE PSEUDOSCORPIONS FROM ILLINOIS 

C. CLAYTON HOFF 
Quincy College, Quincy 

The present study, in which are 
given distribution records, ecological 
notes, and characteristics for species 
recognition relative to three very 
common species of Illinois pseudo¬ 
scorpions, is the first of a contem¬ 
plated series of papers based on ma¬ 
terial in the collections of the Illinois 
State Natural History Survey, the 
Chicago Museum, the Illinois State 
Museum, the American Museum of 
Natural History, and the writer’s 
personal collection. 

The pseudoscorpions, perhaps as a 
result of their small size and their 
seclusive habits, have long been a 
neglected group, those of Illinois be¬ 
ing very poorly known. A single 
paper (Ewing, 1911) reports the 
presence of six species of pseudo¬ 
scorpions from the state. Of the 
three species given in the present 
paper, only one, Chelifer cancroides, 
was reported by Ewing from Illinois. 
In the instance of this species, some 
of Ewing’s records are in doubt 
since he used the species in a very 
wide sense and did not differentiate 
between it and some closely related 
species (Chamberlin, 1932). 

Figures 1A and IB 

Chelifer cancroides (Linnaeus, 1761) 
L. Geoffroy, 1762 

This nearly cosmopolitan species 
is the form commonly found in 
dwelling houses where it is said to 
prey upon bedbugs. The species is 
also found abundantly in granaries, 
stables, in beehives, and in the nests 

of swallows, sparrows, starlings, and 
pigeons. Out of the more than 125 
collections of Illinois pseudoscor¬ 
pions examined so far by the writer, 
C. cancroides has been found in onty 
seven. This seemingly infrequent 
occurrence is easily explained by the 
fact that the majority of the writer’s 
specimens have been taken from ma¬ 
terial in natural habitats of the 
state, and collections of C. cancroides 
are, as a result, more or less inci¬ 
dental. In six of the seven collec¬ 
tions, habitat records are available. 
These include: grain in a barn, 
chicken house (individuals numer¬ 
ous), clothes on outdoor line, dwell¬ 
ing house, packing box, and an office. 
The distribution of the seven collec¬ 
tions by counties follows: Adams Co. 
(2), Sangamon Co. (2), Cook Co. 
(1), St. Clair Co. (1), Champaign 
Co. (1). 

Chelifer cancroides is noticed fre¬ 
quently as a result of its association 
with man and its relative large size, 
the male being 2.5 to 3.5 mm. long, 
the female 3.0 to 4.5 mm. This spe¬ 
cies can be separated from other 
pseudoscorpions so far observed in 
collections from the state by the very 
long pedipalps whose femur is about 
5.3 times as long as wide and whose 
tibia is about 4.1 times as long as 
wide (fig. 1A). In addition, the tar¬ 
sal claws (except those of the first 
pair of legs in the male) have split 
points (fig. IB), a condition separ¬ 
ating C. cancroides from other spe¬ 
cies with the same general body ap¬ 
pearance. 
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Fig. 1.-—-Drawings were made from material cleared in beechwood creosote 
and mounted in Canada balsam, except figures G and H which are redrawn from 
Chamberlin (1931). A camera lucida was used. 

Chelifer cancroides, male. A.—Ventral view of right palp. Scale equals 1.0 mm. 
B.—One claw from fourth tarsus. Scale equals 0.05 mm. 

Apochthonius moestus, female. C.—Dorsal view of palp. Scale equals 0.25 mm. 
D.—Interior view of tip of fixed finger. Scale equals 0.05 mm. 

Microbisium brunneum. E.—Ventral view of palp. Scale equals 0.5 mm. F.— 
Exterior view of chela. Scale equals 0.25 mm. 

Microbisium parvulum. G.—Palp from ventral side (redrawn from Chamber¬ 
lin). H.—Chela from exterior to show shape of finger (redrawn from Chamberlin). 
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Apochthonius moestus (Banks, 1891) 
Chamberlin, 1929 

Figures 1C and ID 

This frequently occurring species 
is found typically in the leaves and 
loam on the ground in the deciduous 
woods, as indicated by the fact that 
17 out of 23 collections of this species 
were taken from this habitat. In 
some instances, individuals were 
found under the bark on logs or dead 
trees or in moss and lichens on trees 
or ground in the deciduous woods. 
One collection was taken from a 
mammal nest in the woods. While 
the species was found in numerous 
collections from the deciduous woods, 
it was not found in collections from 
the sphagnum of the tamarack 
swamps of the Chicago area. One 
individual of this species was found 
in a collection from leaf mold in 
Indiana Dunes State Park, Porter 
Co., Indiana (Chicago Museum col¬ 
lection). 

Apochthonius moestus may be rec¬ 
ognized by the small size, the light 
color, and the characteristics of palp 
and chela (fig. 1C). Of special sig¬ 
nificance in recognition of this spe¬ 
cies are the two tactile setae on the 
middorsal surface of the hand of 
the palp. As.far as noticed, there 
is only one other Illinois species 
whose palp resembles that of A. mo¬ 
estus. In this instance, however, A. 
moestus may be recognized by ex¬ 
amination of the teeth of the finger 
of the chela (fig. ID). These teeth 
are contiguous and uniform in size 
and shape while the related species 
has teeth which are neither contigu¬ 
ous nor uniform. 

The 23 collections of this species 
are distributed by counties as fol¬ 
lows: Adams Co. (8), Pope Co. (1), 
Vermilion Co. (2), Jackson Co. (1), 
Clark Co. (7), Champaign Co. (1), 

Union Co. (1), Sangamon Co. (1), 
Menard Co. (1). 

Microbisium brunneum (Hagen, 
1869) Chamberlain, 1930 

Figures IE and IF 

This is by far the most common of 
all Illinois pseudoscorpions. It has 
been identified from 58 of the 126 
collections so far examined from the 
state. Not only does the form appear 
in more collections than any other 
species but the number of individuals 
in each collection is greater. M. brun¬ 
neum occurs in practically every 
kind of natural habitat from which 
collections have been made. The 
data indicate that the form has been 
collected more often from decaying 
leaves and loam in the deciduous 
woods than elsewhere, but this ob¬ 
servation is probably more apparent 
than real as a high percentage of 
the present samples have been from 
the floor of the deciduous forest. Be¬ 
sides being found frequently in the 
loam and mold of the deciduous for¬ 
est, the species occurs under and in 
partly decomposed logs, in rotten 
stumps, in mammal nests, and in 
moss. The form was also found in 
collections from grass sod, from rock 
ledges, and from rocky soil along 
railway tracks. The most interesting 
aspect of its ecological distribution, 
however, is an association with con¬ 
ifers especially in swamp and bog 
habitats. It was reported from the 
humus and soil in cypress bottoms in 
southern Illinois, from leaves be¬ 
neath a juniper tree, and from a rot¬ 
ten pine stump. It is the common 
species of the sphagnum moss in the 
tamarack swamps or bogs of the 
Chicago area. The species appears 
well adapted to this last habitat since 
the number of individuals in many 
collections is much larger than the 
number of individuals in collections 
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Fig. 2.—Scatter diagram showing the distribution of the palpal femur length/ 
width ratio (along the vertical axis) and the finger-length/hand-length ratio (along 
the horizontal axis) of the chela of about two hundred individuals of Microbisium 
brunneum from Illinois. Individuals designated by asterisks are from a single 
Natural History Survey collection taken from sphagnum moss in a tamarack bog 
at Volo, Illinois. Other individuals are designated by dots and were selected at 
random from collections taken in all parts of the state. The small rectangle at the 
lower left indicates the limits of palpal femur length/width ratio and the limits of i 
the finger-length/hand-length ratio as given in the literature for M. paryulum. 

The larger rectangle at the upper right shows the limits of the ratios as given in 
the literature for M. brunneum. 

from the deciduous woods. In one 
collection from a tamarack bog, 
there were over 125 individuals; in 
another collection, over 35 individ¬ 
uals. 

Because of the great diversity of 
habitat, M. brunneum has been found 
in nearly every locality in which ade¬ 
quate investigation has been carried 
out. Counties from which the species 
is reported and the number of col¬ 
lections from each county are as fol¬ 
lows: White Co. (1), Adams Co. 
(10), Jo Daviess Co. (1), Cook Co. 
(2), Piatt Co. (1), Pope Co. (4), 
Champaign Co. (8), Lake Co. (11), 
Stephenson Co. (1), Jackson Co. 
(1), Vermilion Co. (2), Alexander 
Co. (1), Kane Co. (1), Mason Co. 
(1), Peoria Co. (1), Pulaski Co. (2), 

Clark Co. (6), Sangamon Co. (1), : 
Ogle Co. (2), Logan Co. (1). 

M. brunneum may be recognized > 
by the small size of the body (less l 
than 2.0 mm.) and by the shape of 
the chela (fig. IE) which has only 
three tactile setae on the movable 
finger and seven tactile setae on the I 
fixed finger (fig. IF). So far as 
known at present, no other Illinois ; 
species has the chela shape and the 
reduced number of tactile setae > 
found in this form. M. brunneum \ 
is, however, easily confused with M. \ 
parvulum (Banks, 1895) Chamber- j 
lin, 1930, which eventually may be 
found in the state. 

Difficulty experienced by the 
writer in the recognition of M. brun- j 
neum and its separation from the ;i 
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closely related M. parvulum led to a 
detailed study of the Microbisium 
species in the Illinois material. The 
writer found that, while all Illinois 
specimens appear to belong to a 
single species, some of the specimens 
possess characteristics which accord¬ 
ing to the literature identify them 
with M. brunneum, other individuals 
are typically of the species M. par¬ 
vulum, while still more of the pseu¬ 
doscorpions possess some character¬ 
istics of each of the species. The 
basis of separation of the two forms 
as given in the literature has been 
that the fingers are clearly longer 
than the hand (1.1 to 1.3 times as 
long) and the femur is 2.9 to 3.2 
times as long as broad in M. brun¬ 
neum while the fingers are subequal 
in length to the hand (0.97 to 1.03 
times as long) and the femur is 2.6 
to 2.8 times as long as broad in M. 
parvulum. The scatter diagram (fig. 
2) shows the distribution of about 
two hundred Illinois individuals 
with respect to the length/width 
ratio of the femur and the finger- 
length/hand-length ratio of the 
chela. The limits of the ratios of 
these structures for M. brunneum 
and M. parvulum are indicated as 
given in the literature. From this 
graph, it is obvious that a single 
species of Microbisium is represented 
in the Illinois fauna. A study of the 
diagram leads to one of two conclu¬ 
sions: either (1) the two species, 
M. brunneum and M. parvulum, are 
morphologically inseparable and 
therefore a single species, or (2) the 
characteristics used are not satisfac¬ 
tory for the separation of the two 
forms. 

In an attempt to determine defi¬ 
nitely the Microbisium species occur¬ 
ring in Illinois and to demonstrate 
the true relationship between M. 
brunneum and M. parvulum, the 
writer examined a paratype of M. 

brunneum and one of M. parvidum 
loaned him through the courtesy of 
Mr. Nathan Banks of the Museum of 
Comparative Zoology. The examina¬ 
tion revealed that beyond all doubt 
the Illinois material is identical with 
M. brunneum as described by Hagen. 
Measurements of the paratype of M. 
brunneum fall well within the limits 
set in the literature for the femur 
length/width ratio and for the ratio 
of the finger-length/hand-length. At 
the same time, the specimen of M. 
parvulum, although stored in alco¬ 
hol and in poor condition for exam¬ 
ination, was measured and results 
indicate that the ratios of the para¬ 
type are just at the lower limits of 
the ratios given for M. brunneum 
and do not fall within the limits 
given in the literature for M. par¬ 
vulum. 

It becomes clear, then, that the 
characteristics given in the literature 
for separation of M. brunneum and 
M. parvulum are not satisfactory. 
That the two are separate and dis¬ 
tinct species, however, is obvious 
when one considers the shape of the 
palpal tibia, the chela, and its mov¬ 
able finger. Pseudoscorpions with 
the chela and finger shape of typical 
M. parvulum have not been observed 
as yet in Illinois collections. The 
chela of M. parvulum has a shorter 
pedicle, the line of demarkation be¬ 
tween the pedicle and the margin of 
the hand on the exterior side is not 
so abrupt, and the hand is basally 
less tumid than is that of M. brun¬ 
neum. The movable finger in M. par¬ 
vulum is much straighter and dis- 
tally more wide than the finger of 
M. brunneum. These and other dif¬ 
ferences are indicated in the original 
description by Banks (1895). 

As a result of the study, it is ap¬ 
parent that: (1) M. brunneum and 
M. parvulum are not synonymous al¬ 
though a close morphological rela- 
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tionship is indicated; (2) M. brun- 
neum shows an extreme amount of 
variation as might be expected from 
a species which occurs abundantly 
over a wide territory and which ap¬ 
parently reproduces parthenogene- 
tically since no males are known to 
occur; (3) the two species of Micro- 

bisium under consideration cannot 
be separated on the basis of the ratio 
of femur length/width and the ratio 
of finger-length/hand-length as given 
in the literature; and (4) the two 
species may be separated by differ¬ 
ences in the shape of the chela and 
movable finger. 
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PICTINUS AURIV1LLII BERG. IN ILLINOIS 

129 

WILLIS EVERETT SNOW 
University of Illinois, Urloana 

On September 16, 1943, while col¬ 
lecting insects from decaying debris 
in holes in trees, I found an adult 
female of Pictinus aurivillii Berg. 
This specimen was taken from a tree 
hole 12 feet above the ground in a 
living soft maple (Acer saccharinum 
L.) on the bluff near Edgemont, Il¬ 
linois. The debris consisted of de¬ 
cayed leaves, wood, and mammal 
pellets. 

The collection of this specimen in 
the St. Louis area provides a new 
distributional record for this species, 
proving its occurrence in Illinois and 
giving a much more northern exten¬ 
sion than had previously been re¬ 
corded. Other specimens of this 
species have been taken in the ex¬ 
treme south, at Crescent City, Flor¬ 
ida, at Bayou Sara, Louisiana, and 
in Georgia, according to de la Torre 
Bueno (1939). Of the eight species 
in the genus, this is the only North 
American representative, the others 
occuring in South and Central 
America. Blatchley (1926) states 
that aradids have become strongly 
adapted by dorso-ventral flattening 

for life beneath closely fitting bark 
or in narrow crevices of wood. They 
are for the most part gregarious, 
living in small colonies composed of 
both nymphs and adults in various 
stages. When uncovered, they remain 
quiescent for a long time. In the 
northern states they hibernate both 
as adults and as nymphs, often shel¬ 
tered only by bark. Although some¬ 
times frozen for weeks, they revive 
when spring comes. Their food con¬ 
sists of minute fungi which occur 
within bark and in wood of trees and 
stumps. The tree hole, I believe, also 
may be important in the develop¬ 
ment of this species because fungi 
are abundant in tree hole debris and 
provide abundant food. The tree 
hole would also serve as an ideal 
shelter for hibernation in this lati¬ 
tude. 

The female possesses a sharp well 
developed ovipositor which aids in 
the insertion of eggs beneath bark. 

The fact that this hemipteran is 
so rarely encountered is due not only 
to its hidden position but also to its 
dusky color. 
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MEMORIALS 

WESLEY PILLSBURY FLINT 

Wesley Pillsbury Flint, Chief En¬ 
tomologist of the Illinois State Nat¬ 
ural History Survey and of the Illi¬ 
nois Agricultural Experiment Sta¬ 
tion, died suddenly in his office on 
June 3, 1943. He was born at South 
Hampton, N. H., May 4, 1883, and 
had passed his 60th birthday at the 
time of his death. 

Wesley Flint obtained his under¬ 
graduate education at the University 
of New Hampshire. In November 
1907, he was employed by the State 
Entomologist of Illinois and from 
that time on he lived in Illinois and 
worked in his chosen field of eco¬ 
nomic entomology. In 1917 he was 
appointed Economic Entomologist of 
the State Natural History Survey 
and was later made Chief Entomol¬ 
ogist of the Survey and of the Illi¬ 
nois Agricultural Experiment Sta¬ 
tion, with the rank of professor. 

In 1933, Professor Flint served as 
president of the Association of Eco¬ 
nomic Entomologists. He was a fel¬ 
low of the Entomological Society of 
America and the American Associa¬ 
tion for the Advancement of Science. 
He was also a member of the Illinois 
State Academy of Science, Sigma Xi, 
and Gamma Sigma Delta. He served 
on many important national commit¬ 
tees in the field of economic entomol¬ 
ogy. He was the author of many use¬ 
ful articles and bulletins dealing 
with the control of insect pests. With 
Professor C. L. Metcalf, he published 
the widely used text and manual en¬ 
titled “Destructive and Useful In¬ 
sects. ’ ’ 

Professor Flint was, above all, a ; 
profound student of nature. He 
loved the out of doors and spent in j 
the open every minute he could spare | 
from his official duties, studying the 
habits of birds, insects, and wild 
animals. To him, love of nature was 
a religion. 

During his 35 years in Illinois, he 
was influential in the conservation of ! 
natural resources, especially in hav¬ 
ing areas set aside by the state or 
bjr interested individuals for the 
preservation of wild life. 
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Professor Flint was the friend of 
hundreds of farmers in all parts of 
Illinois. When traveling over the 
state, he made a point of visiting 
them and always took a personal in¬ 
terest in their problems. He was held 
in high esteem by his colleagues of 
the Natural History Survey and 

University of Illinois staffs. Al¬ 
though he never served as a teacher, 
students sought his advice constant¬ 
ly, and he was influential in direct¬ 
ing the research and careers of many 
of them. 

—H. W. Anderson, 

University of Illinois. 

JAMES MARSHALL BRANNON 

James Marshall Brannon was born 
at Lowell, Indiana, December 14, 
1882. He died at Urbana, Illinois 
January 20, 1943. His sudden death 
was due to a heart attack. 

Dr. Brannon graduated from the 
University of North Dakota with an 
A.B. degree in June, 1907; he re¬ 
ceived his M.A. degree from the Uni¬ 
versity of Wisconsin in 1914, and 
his Ph.D. degree from Cornell Uni¬ 
versity in 1920. His undergraduate 
work was done mostly in the fields 
of physiology, chemistry, and eco¬ 
nomics. His graduate work was in 
the fields of bacteriology, physiology, 
psychology and chemistry. He was 
a member of Sigma Xi and Gamma 
Sigma Delta. From 1909-1912 he 
served as an instructor in botany 
and physiology at the University of 
North Dakota. He also served on 
the North Dakota Geological Survey 
from 1907-1908. He was in charge 
of the North Dakota Biological Sur¬ 
vey from 1912-1914 and was an as¬ 
sistant in limnobiology at the Uni¬ 
versity of Wisconsin from 1914-1915. 
He served as an instructor in plant 
physiology at Cornell from 1916- 
1921, and became a member of the 
staff of the University of Illinois in 
1922, where he served as assistant 
professor and assistant chief in 
Dairy Bacteriology until his death 
in 1943. Dr. Brannon has published 
studies of the carbonation of dairy 

products, the viability of Bacillus 
typhosis in ice cream, the utilization 
of sugar by plants, and the bacterial 
content of commercial gelatins. He 
also assisted in the invention of an 
electric water filter. 

There probably have been few men 
on the faculty of the University of 
Illinois with broader training in the 
basic fields of science than J. M. 
Brannon. He was a constant reader 
of scientific books and kept close 
contact with the literature in the 
various scientific fields in which he 
was interested. Because of his wide 
knowledge and experience with bi¬ 
ological subjects, he was often con¬ 
sulted by graduate students from 
various departments throughout the 
University. He was especially pop¬ 
ular with the students majoring in 
Dairy Husbandry. 

While in college, James Marshall 
Brannon participated in baseball 
and football, developing at that time 
an interest in sports that he main¬ 
tained throughout life. He had wide 
community interests and a large 
circle of friends who will greatly 
miss the opportunity of discussing 
with him various phases of our eco¬ 
nomic, social, and industrial life for 
which he seemed so well qualified. 
Professor Brannon was a member of 
the Urbana Exchange Club and a 
member of the Episcopal Church of 
Champaign, Illinois. His loss to the 
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community and to the University is 
one which has been deeply felt by all 
who knew him. 

—Paul H. Tracy 

University of Illinois 

WILL SAYER MOFFATT 

Will Sayer Moffatt, M.D., died on 
September 12, 1941, at the age of 
94, at Los Angeles, California where 
he had made his home since his re¬ 
tirement in 1927. He received the 
degree of Doctor of Medicine from 
the Hahnemaim Medical College, 
Chicago, in 1868. He seems to have 
begun his practice of medicine very 
soon after graduation, maintaining 
an office in Chicago and living at 
Wheaton, Illinois. He was an en¬ 
thusiastic amateur botanist, making 
extensive collections throughout this 
Chicago region and associated with 
the late Dr. H. S. Pepoon in Jo 
Daviess County. His herbarium con¬ 
tained some 10,000 sheets of flower¬ 
ing plants which he donated to the 
Illinois State Academy of Science. 
The Academy in turn gave it to the 
University of Illinois where it is pre¬ 
served at Urbana. 

His “Higher fungi of the Chicago j 
Region, Part 1; Hymenomycetes” ;• 
was published in 1909 by the Chi- 
cago Academy of Sciences and was 
followed by “Higher fungi of the 
Chicago Region, Part 2; Gastromy- j 
cetes” in 1923. 

Dr. Moffatt joined the Academy in 
1912, and in 1916 both he and his q 
wife became life members of this or- j 
ganization. They were regular at¬ 
tendants of the meetings while they l 
remained in Illinois. 

—George D. Fuller. 

ELMER KNEALE 

Mr. Elmer Kneale, born June 21, jj 
1884, deceased January 8, 1944, was 
both a Life Member and a Charter : 
Member of the Academy. Although j 
not a research investigator, Mr. j 
Kneale was active in furthering the ! 
interpretation of science to the lay- , 
man. For twenty-five years he di- 
rected one of the leading forum or- 
ganizations in Illinois. In this ca¬ 
pacity he made a unique contribu- ji 
tion to community adult education in 
the Springfield area. 

—Gilbert Wright. 

i 

I 
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ACADEMY BUSINESS 

SECRETARY’S REPORT ON THE BUSINESS OF THE 
ILLINOIS STATE ACADEMY OF SCIENCE 

For the year May 8, 1943 to May 6, 1944 

Compiled by LEO R. TEHON, Secretary 
Illinois Natural History Survey, Urbana 

In keeping with a recommendation 
• made by the Committee on Publications 
and approved by the Academy Council 
on November 4, 1943, no issue of the 

^Academy's Transactions is to be devoted, 
jlthis year, to an account of the Academy 
'business and committee reports. In 
keeping with the spirit of the recom 
mendation, and also for the purpose of 
making the greatest number of pages 
lavailable for the technical contributions 
made by Academy members at the an¬ 
nual meeting, only abstracts of the Sec¬ 
retary’s minutes are given below. Also, 
committee reports are reduced to the 
minimum or are omitted if no committee 
[action was taken during the year. Full 
records on which the following account 
is based are part of the Secretary’s file 
and are open to inspection by any 
Academy member, at the Secretary’s 
office. 

1. COUNCIL MEETINGS. 

The customary four meetings of the 
Council were held during the year, all 
with President Lyell J. Thomas pre¬ 
siding. 

At the first Council meeting, held at 
Jacksonville on May 8, 1943, the newly 
sleeted officers were introduced to their 
duties, the invitation of Northern Illi¬ 
nois State Teachers College, DeKalb, 
was accepted for the 1944 Academy meet¬ 
ing, and Dr. H. W. Gould was appointed 
Second Vice-President and Chairman of 
the Committee on Local Arrangements 
tor the 1944 annual meeting. 

At the second Council meeting, held at 
Urbana on November 4, 1943, reports 

> were heard and approved from the treas- 
I nrer, secretary, Committees on Local 
Arrangements for 1944, Membership, 

l Teacher Training, and Publications, the 

Coordinator of the College Section, and 
the representative of the Junior Acad¬ 
emy. Upon recommendation of the Com¬ 
mittee on Publications, Miss Dorothy E. 
Rose, Urbana, was appointed Editor; 
also, recommendations were approved 
regarding publication of the transac¬ 
tions, to wit: (1) reduction to one issue 
per year, (2) discontinuation of the 
publication of abstracts of technical 
papers, (3) strict selection of papers for 
publication and publication of selected 
papers in their entirety, (4) elimination 
of extra page charges and editorial fees, 
strictly as wartime economy measures. 
Discussion of membership problems re¬ 
sulted in the Secretary’s being instruct¬ 
ed to submit, at the next Council meet¬ 
ing, a draft of constitutional amend¬ 
ments designed to improve the regula¬ 
tions regarding membership. 

At the third Council meeting, held at 
Urbana on February 26, 1944, reports 
from the treasurer, secretary, and Junior 
Academy representative were heard and 
approved. A discussion of the facilities 
of the Science Aids services available at 
the Unviersity of Illinois, presented by 
Dr. Neil F. Garvey, resulted in Council 
approval of a science aid leaflet proposed 
for high school science units. A draft 
of amendments to the constitution, sub¬ 
mitted by the Secretary, was discussed 
in detail, altered in certain respects, 
and ordered to be presented in constitu¬ 
tional manner for the vote of Academy 
members at the annual business meet¬ 
ing. Plans for the annual meeting were 
reviewed and the holding of a sympos¬ 
ium on premedical education, also the 
possible organization of a section on 
human biology, were approved. In an¬ 
ticipation of the annual meeting, the 
President, with the advice of the Coum 
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cil, appointed the following committees: 
Committee on Nominations, Alfred E. 
Emerson, chairman, A. R. Wanless, and 
Mrs. Audry Hill Linsley; Committee on 
Auditing, Walter Thomas, chairman, A. 
R. Buis, and James H. Sedgwick; Com¬ 
mittee on Resolutions, Clarence Bonnell, 
chairman, T. H. Frison, and M. M. Leigh¬ 
ton; Committee on Necrology, George D. 
Fuller, chairman, Harley J. VanCleave, 
and B. S. Hopkins. By unanimous vote, 
the Council suspended the Academy’s 
regulations regarding the dropping from 
the membership list of members in ar¬ 
rears as to dues, in so far as those regu¬ 
lations would apply to members serving 
in the armed forces of the United States 
of America and to members absent from 
the continental United States in the 
performance of civilian duties related 
to the prosecution of the war. 

At the fourth Council meeting, held 
at DeKalb on May 4, 1944, arrangements 
for the annual meeting were again re¬ 
viewed, reports were heard from the 
treasurer, editor, Junior Academy rep¬ 
resentative, and the committees on pre¬ 
medical training, teacher training, and 
conservation. President Thomas sum¬ 
marized the year’s progress of the 
Academy. 

2. GENERAL BUSINESS MEETINGS. 

The customary two Academy business 
meetings were held in connection with 
the annual meeting at DeKalb, on May 
5, 1944. At the first meeting, called to 
order at 9:00 A.M. by President Thomas, 
public announcement was made of the 
appointments to committees on nomina¬ 
tions, auditing, resolutions, and necrol¬ 
ogy, and President Thomas requested 

that reports from these committees be j 
ready for the afternoon meeting. 

At the second business meeting, held j 
at 5:00 P.M., with more than 100 per- . 
sons present, reports were heard from 
the treasurer, the auditing committee, 0 
the editor, and the librarian. The Com- *1 
mittee on Research Grants reported the i 
receipt of $201.50 as a grant fund from •< 
the American Association for the Ad- l 
vancement of Science and the awarding j 
of this sum for 1944-45 as follows: (1) J 
to Dr. C. L. Bieber, Department of Ge- I 
ology and Geography, North Central Col- j 
lege, Naperville, for geological researches i 
on the Decorah and basal Galena hori- > 
zons, $50.00; (2) to Dr. C. C. Hoff, 
Quincy College, Quincy, to purchase ■ 
microfilm copies of otherwise inaccessi- j 
ble papers in connection with a study of 
pseudoscorpions, $50.00; (3) to Dr. W. | 
Malcomb Reid, Department of Biology, J 
Monmouth College, Monmouth, for ma- ; 
terial to study in vitro and in vivo be- j 
haviors of nematodes, using baby chicks , 
as hosts and culture material, $51.50; 
(4) to Dr. Walter B. Welch, Southern [ 
Illinois State Normal University, Car- i 
bondale, to study healing of wounds in : 
apples, using plant hormones of the 
“stop drop” type, $50.00. Resolutions of- I 
fered by the Committee on Resolutions j 
were adopted by vote and are printed 
below. The Committee on Necrology, 
without report, furnished the obituaries i 
of deceased members printed in this I 
issue of the Transactions. Amendments | 
to the constitution and by-laws of the j 
Academy, previously mailed to the mem¬ 
bership of the Academy, were discussed ; 
and adopted by unanimous vote; they ! 
are printed below. The Committee on 1 

3. REPORTS OF THE TREASURER AND THE COMMITTEE ON AUDITING 

(a.) Report of the Treasurer for the Year May 1, 1943 to April 30, 1944 

Receipts 
Balance on hand April 30, 1943. $1,274.91 
Dues and initiation fees: 

Annual members.$690.10 
Affiliated societies. 2.00 692.10 

Editorial and excess pages fees . 94.00 
Research grant from the A.A.A.S. 210.50 
Libraries . 4.00 
Interest from Forbes and Meyer real estate. 18.00 
Junior Academy: 

Dues . 35.80 
Sustaining members . 240.00 275.80 

TOTAL RECEIPTS $2,569.31 $2,569.31 
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Expenditures 

Officers’ expenses .$ 50.43 
Section chairmen’s expenses . 84.28 
Postage, treasurer’s office . 
Postage and transportation, Transactions. 
Printing of Transactions . 
Expenses of Secretary . 
Secretarial help . 
Lectures at 1943 annual meeting . 
Expenses of editor . 
Corporation registration (required by law) . 
Research grants: 

C. L. Bieber . 165.00 
C. M. Bennett . 45.50 

Secretary, honorarium . 
Editor, honorarium . 
Junior Academy: 

Officers expenses . 10.29 
Pins. 84.70 
Diplomas . 21.35 
Science Aids. 35.00 
Printing and postage. 22.57 

$ 134.71 
16.90 
33.70 

377.85 
91.94 
25.00 
61.48 

7.00 
2.00 

210.50 
150.00 
150.00 

173.91 

TOTAL EXPENDITURES . $1,434.99 
BALANCE ON HAND APRIL 30, 1944, on deposit $1,134.32 

in the Commercial Merchants National Bank 
and Trust Company, Peoria, Illinois 

Respectfully submitted, 
(Signed) John Voss, Treasurer. 

$1,434.99 
$1,134.32 

$2,569.31 

(b.) Report of the Committee on Auditing. 

May 2, 1944 

Illinois State Academy of Science, 
Mr. John Voss, Treasurer, 
Peoria, Illinois. 
Dear Sir: 

We are pleased hereby to certify that the books of this Bank, at the close of 
busines April 30, 1944, showed the following balance, subject to check, at the credit 
of the ILLINOIS STATE ACADEMY OF SCIENCE: $1,134.32. 

Very truly yours, 
(Signed) J. W. Luke, Cashier, Committee on Auditing, 
Commercial Merchants National Bank (Signed) Walter W. Thomas, Chairman 
and Trust Company of Peoria. James H. Sedgwick 

A. R. Buis. 

May 3, 1944. 

The Illinois State Academy of Science, 
L. R. Tehon, Secretary. 
Gentlemen: 

This is to certify that we have examined the accounts of the Treasurer of the 
Illinois State Academy of Science for the year May 1, 1943 to April 30, 1944 and 
find them correct. 

Committee on Auditing, 
(Signed) Walter W. Thomas, Chairman, 

James H. Sedgwick 

A. R. Buis. 
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Nominations presented a slate of officers, 
delegates, committee chairmen and com¬ 
mittee members which, with no addi¬ 
tional nominations suggested from the 
assembly, was unanimously elected; the 
list appears at the beginning of this 
volume. 

4. REPORT OF THE LIBRARIAN. 

Surplus copies of Transactions issued 
during the year have been received by 
the Librarian from the printer and' 
stored with other back volumes. By 
action of the Council these publications 
are now available to members and non¬ 
members alike upon payment of $1.00 
per annual volume plus delivery charges, 
this fee being payable to the Treasurer. 
Scientific societies and Libraries send¬ 
ing publications in exchange are sup¬ 
plied with back issues without charge 
where a reciprocal service is rendered. 

Through further action by the Coun¬ 
cil, the Librarian was authorized to un¬ 
staple or mutilate a limited number of 
the surplus Transactions for the purpose 
of promptly meeting requests for single 
papers by war research or industrial 
organizations. The expense in this mat¬ 
ter has been very slight, since a single 
issue may fill a variety of needs. 

One scientific society, the Connecticut 
Academy of Science, was added to the 
exchange list during the year. 

Respectfully submitted, 
(Signed) Gilbert Wright, Librarian. 

5. AMENDMENTS TO THE CONSTITU¬ 

TION AND BY-LAWS ADOPTED 

MAY 5, 1944. 
Article VII, paragraph 3, of the Con¬ 

stitution is amended to read as follows: 
All members shall, except in case of 
emergency, receive without cost to 
themselves the currently published 
Transactions of the Academy, but no 
member in arrears shall receive the pub¬ 
lished Transactions of a ny year for 
which he is or remains in arrears. 

Article V of the By-laws is amended to 
read: Members who, after having been 
duly notified by the Treasurer, shall fail 
to pay their dues by December 31st of 
any year shall be considered in arrears 
and shall have their names stricken 
from the membership roll. (Note: By 
former action of the Council (Transac¬ 
tions, vol. lit, p 9) the fiscal year of the 
Academy begins with the calender year 

and dues are payable on the December 
1st preceding.) 

Article V of the By-laws is further 
amended by the addition of the follow¬ 
ing paragraph: Persons formerly mem¬ 
bers of the Academy may be reinstated 
as members without the payment of an 
initiation fee, provided application for 
reinstatement is made not later than 
three (3) years after the termination of 
the former membership. Such members 
may obtain the printed Transactions for 
the intervening non-membership years 
upon payment of one dollar for each 
such year and the cost of mailing the 
Transactions. 

6. RESOLUTIONS REPORTED BY THE 

COMMITTEE ON RESOLUTIONS AND 

ADOPTED BY VOTE. 

(a.) RESOLUTIONS WITH RESPECT TO 

WAR AND NATURAL RESOURCES. 

WHEREAS, the present war has of 
necessity made appalling inroads on the 
reserves of our exhaustible natural re¬ 
sources including a variety of minerals, 
groundwater, and soil elements; and 

WHEREAS, these natural resources 
form a part of the basis for the future 
welfare of humanity and must be hus¬ 
banded to serve man’s normal needs 
throughout time to come; and 

WHEREAS, the reserves of some of 
these resources have been so diminished 
by this war that another war would 
threaten complete exhaustion of them; 
and 

WHEREAS, the Government of the 
United States will, we trust, soon face 
the opportunity of participating in the 
shaping of peace terms which will help 
determine the length of time that peace 
can be maintained in the future; and 

WHEREAS, it is proper that scientific 
organizations such as the Illinois State 
Academy of Science express themselves 
upon matters of public policy such as 
these; therefore, 

BE IT RESOLVED, that the Illinois 
State Academy of Science set forth and 
emphasize the grave importance of a 
wise peace that will have as its primary 
objective the prevention of future wars 
and the consequent waste of natural 
resources essential to human welfare; 
and 

BE IT FURTHER RESOLVED, that 
the Illinois State Academy of Science 
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declare its hope that the Government 
of the United States of America will 
take a courageous and far-sighted posi¬ 
tion at the peace table that will result 
in wise and effective measures for the 
preservation of international peace 
through generations to come; and 

BE IT FURTHER RESOLVED, that 
copies of this resolution be sent to the 
President of the United States, the Sec¬ 
retary of State, the United States Sen¬ 
ate, the Speaker of the House of Repre¬ 
sentatives and the members of the Sen¬ 
ate and House from Illinois, and to the 
President of the American Association 
for the Advancement of Science, and 
that a copy of this resolution be spread 
upon the Minutes of the Academy. 

(b.) RESOLUTIONS WITH RESPECT TO 

TEACHER TRAINING. 

WHEREAS, the minimum academic 
requirement for the preparation of 
teachers of the sciences in Illinois sec¬ 
ondary schools is too low and should be 
raised; and 

WHEREAS, this can be accomplished 
by revision of the bulletin The Recog¬ 
nition and Accrediting of Illinois Sec¬ 
ondary Schools; and 

WHEREAS, the responsibility for the 
rewriting of the said bulletin rests with 
the University of Illinois’ Committee on 
Admissions and the Office of the State 
Superintendent of Public Instruction; 
therefore 

BE IT RESOLVED, that the Illinois 
State Academy of Science approves the 
following recommendations of its Com¬ 
mittee on Teacher Training, to wit: 

1. No teacher should be certified to 
teach any subject in any Illinois sec¬ 
ondary school without a minimum of 
two years college preparation in that 
subject (a minor of 16 semester hours); 

2. For those subjects, now taught in 
the secondary schools, which cover two 
or more great fields of knowledge, equal 
preparation for each of the major fields 
should be required. For example: high 
school biology should have a minor in 
botany and a minor in zoology (includ¬ 
ing physiology); high school physical 
science should have a minor in chem¬ 
istry and a minor in physics. This should 
be considered as minimum preparation; 

3. For general science each teacher 
should be trained in at least three of 
the major sciences (more if possible) 

and have a minor in one of the major 
sciences; 

4. Each teacher should have a major 
in his special field of science and at least 
a minor in the related science and a 
second minor in another related science: 
for example, a chemistry teacher should 
have a major in chemistry, a minor in 
physics, and a second minor in mathe¬ 
matics or botany and zoology or other 
subjects elected by the student; 

5. These requirements should be en¬ 
forced for the teaching of other subjects 
in the secondary schools as well as for 
the teaching of science; 

BE IT FURTHER RESOLVED, that 
the Illinois State Academy of Science 
transmit copies of this resolution to the 
State Superintendent of Public Instruc¬ 
tion, the University of Illinois’ Commit¬ 
tee on Admissions, and to the University 
of Illinois’ Committee on the Training 
of Teachers for the Secondary Schools. 

(C.) RESOLUTION EXPRESSING APPRE¬ 

CIATION FOR FACILITIES EXTEND¬ 

ED IN CONNECTION WITH THE 

THIRTY-SEVENTH ANNUAL MEET¬ 

ING OF THE ACADEMY. 

WHEREAS, Northern Illinois State 
Normal College, its President, Dr. Karl 
L. Adams, its faculty, and particularly 
the local arrangements committee con¬ 
sisting of H. W. Gould, chairman, C. E. 
Montgomery, G. L. Terwilliger, W. H. 
Beaumont, L. T. Caldwell, W. C. Gould, 
I. J. Jenks, Miss Celine Neptune, C. E. 
Howell and J. R. Hainds, have made 
possible, under the difficult conditions 
imposed by a nation at war and a com¬ 
munity immersed in the production of 
war materiel, the holding of an out¬ 
standingly successful annual meeting of 
the Academy, with every facility pro¬ 
vided for the convenience and comfort 
of the Academy members; therefore, 

BE IT RESOLVED, that the Illinois 
State Academy of Science hereby ex¬ 
presses its deep appreciation of the 
manifold efforts expended in its behalf 
and of the innumerable courtesies rend¬ 
ered toward its members; and 

BE IT FURTHER RESOLVED, that 
a copy of these resolutions be tendered 
each of the persons named above and 
that this resolution be spread upon the 
Minutes of the Academy. 
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7. REPORT OF THE COLLEGIATE 

SECTION. 

The meeting of the Collegiate Section 
at DeKalb, Friday afternoon, May 5, 
1944, included the presentation of 12 
of the 15 papers which were announced 
in the program and program supple¬ 
ment. Papers numbered 1, 3, and 6 of 
those listed were not presented. Miss 
Florence Kirchner of Northern Illinois 
State Teachers College, and Miss Betty 
O’Connor of the College of St. Francis, 
Joliet, served as co-chairmen. The meet¬ 
ing was well attended, with an average 
of about 40 and a maximum of about 50 
present. The Council of the Collegiate 
Section for the next year will consist 
of ten students representing the 9 col¬ 
leges participating in the DeKalb meet¬ 
ing, and Illinois State Normal Univer¬ 
sity, the host school for the 1945 meeting. 
The continued interest in the Collegiate 
program during years when college 
scientific research is reduced to a min¬ 
imum indicates that in postwar times 
this group will probably expand to in¬ 
clude separate meetings in several of 
the sciences. The papers presented this 
year came from eight colleges, and in¬ 
cluded work in the following fields of 
science: geology, physiology, mathe¬ 
matics, chemistry, physics, zoology, 
dietetics, and medicine. 
(Signed) H. R. Wanless, Coordinator. 

8. REPORT OF THE COMMITTEE ON 

AFFILIATIONS. 

The principal activity of this commit¬ 
tee for the year consisted of writing to 
college science teachers through the 
state, suggesting the affiliation of science 
groups, societies, or other clubs with the 
Academy. Two groups affiliated, (1) 
College Science Club, Le Clerc College, 
Belleville, with Sister M. Joecile as 
Moderator, and (2) Wasmann Loyola 
Chapter, Charles J. Wideman, Chairman, 
of Loyola University, Chicago. 

The present seems to mark a low ebb 
in the activity of scientific organizations 
in the colleges and universities, and the 
same is probably true for community 
science associations. Very likely several 
of the affiliated science groups are now 
inactive due to the war, and I believe 
that their names should be kept on the 
list of affiliated societies for the dura¬ 
tion, and energetic effort made to renew 

their active cooperation when they re¬ 
sume their own activities after the war. 

(Signed) H. R. Wanless, Chairman. 

9. REPORT OF THE COMMITTEE ON 

ECOLOGICAL BIBLIOGRAPHY. 

(a.) THE LITERATURE OF ILLINOIS 

NATURAL HISTORY AND GEOG¬ 

RAPHY, BY A. G. VESTAL. 

This report appears on pages 63-65 of 
this volume. 

10. REPORT OF THE COMMITTEE ON 

PREMEDICAL EDUCATION. 

This committee was active throughout 
the year, holding several meetings, the 
complete minutes of which are on file 
with the Secretary, and sending out 
questionnaires bearing upon the busi¬ 
ness of the committee. To the faculties 
of the five principal medical schools, 
898 questionnaires were sent, and a re¬ 
turn of 457, or 51 per cent was obtained. 
To the students of the same schools, 
1,529 questionnaires were distributed 
and 586, or 39 per cent, were returned. 
The answer^ given in the returned 
questionnaires were tabulated and con¬ 
sidered at a meeting of the committee 
on April 22, 1944. At that meeting a 
motion was passed that the matter of 
the foreign language requirement be re¬ 
ferred to a subcommittee for further 
study. Also, the following general con¬ 
clusions were approved at the meeting: 

1. That the committee must devise 
ways and means of bringing closer cor¬ 
relation between medical and premedical 
teachers and students, such as through 
regional conferences within the state. 

2. That the committee, in accordance 
with results from the faculty question¬ 
naire, favor the requirement for more 
liberal arts subjects in the premedical 
program. 

3. That the work of the committee 
should be continued and that more of 
its personnel be from the premedical 
field. 

4. That a short summary of the com¬ 
mittee’s work be presented to the Amer¬ 
ican Association of Medical Schools. 

5. That a statement of the work and 
progress of the committee be prepared 
and submitted to the public through the 
pages of Science. 
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I. Officers 

President: A. E. EMERSON, The University of Chicago, Chicago. 

First Vice-President: J. C. McGREGOR, Illinois State Museum, Springfield. 

Second Vice-President: RALPH U. GOODING, Illinois State Normal University, 
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General Representative: MRS. MARY CREAGER, Chester. 

Central Representative: J. C. CHIDDIX, Normal. 

Northern Representative: D. H. THOMPSON, Cook County Forest Preserve, 
River Forest. 

II. The Council 

The ACADEMY COUNCIL consists of the officers named above, the two most 
recent past presidents, OTIS B. YOUNG, Southern Illinois Normal University, 
Carbondale, and LYELL J. THOMAS, The University of Illinois, Urbana, past 
secretary, R. F. PATON, The University of Illinois, Urbana. 

III. Delegates 

Delegate to the American Association for the Advancement of Science: L. R. 
TEHON, Illinois State Natural History Survey, Urbana. 

Delegate to the Conservation Council: LYELL J. THOMAS, The University of 
Illinois, Urbana. 



IV. Section Chairmen 

Agriculture: G. H. DUNGAN, The University of Illinois, Urbana. 
Anthropology: M. J. HBRSKOVITS, Northwestern University, Evanston. 
Botany: H. F. THUT, Eastern Illinois State Teachers College, Charleston. 
Chemistry: G. C. FINGER, Illinois State Geological Suivey, Urbana. 
Geography: G. H. HUDSON, Northwestern University, Evanston. 
Geology: T. T. QUIRKE, The University of Illinois, Urbana. 
Physics: C. E. IRELAND, A. E. Staley Manufacturing Company, Decatur. 
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Teachers College, Charleston. 
Social Science: MRS. GRACE M. JAFFE. Barat College, Lake Forest. 
Zoology: W. W. CRAWFORD, Blackburn College, Carlinville. 

V. Committees 

Committee on Affiliations: PERCIVAL ROBERTSON, Chairman, The Principia 
College of Liberal Arts, Elsah. 

J. R. BALL, Northwestern University, Evanston. 
I. P. DANIEL, Lake View High School, Chicago. 
H. K. GLOYD, Chicago Academy of Science, Chicago. 
LESLIE HEDRICK, Illinois Institute of Technology, Chicago. 
R. S. PLATT, The University of Chicago, Chicago. 
G. W. WARNER, 7633 Calumet Avenue, Chicago. 

Committee on Budget: C. L. FURROW, Chairman, Knox College, Galesburg. 

L. R. TEHON, Illinois State Natural History Survey, Urbana. 
JOHN VOSS, Manual Training High School, Peoria. 
OTIS B. YOUNG, Southern Illinois Normal University, Carbondale. 

Committee on Conservation: LYELL J. THOMAS, Chairman, The University of 
Illinois, Urbana. 

W. C. ALLEE, The University of Chicago, Chicago. 
V. 0. GRAHAM, 4028 Grace Street, Chicago. 
W. H. HAAS, Northwestern University, Evanston. 
L. A. HOLMES, Illinois State Normal University, Normal. 
D. D. LANSDEN, Cairo. 
M. M. LEIGHTON, Illinois State Geological Survey, Urbana. 
C. P. RUSSELL, National Park Service, Chicago. 
R. S. SMITH, The University of Illinois, Urbana. 
E. L. STOVER, Eastern Illinois State Teachers College, Charleston. 
L. E. YEAGER, U. S. Fish and Wildlife Service, Chicago. 

Committee on Conservation of Archeological and Historical Sites: FAY-COOPER 
COLE, Chairman, The University of Chicago, Chicago. 

F. W. ALDRICH, 1506 East Washington, Bloomington. 
M. J. HERSKOVITS, Northwestern University, Evanston. 
M. M. LEIGHTON, Illinois State Geological Survey, Urbana. 
J. B. RUYLE, 201 South Fair, Champaign. 
H. B. WARD, The University of Illinois, Urbana. 

Committee on Ecological Bibliography: A. G. VESTAL, Chairman, The University 
of Illinois, Urbana. 

Committee on Legislation and Finance: FAY-COOPER COLE, Chairman. The Uni¬ 
versity of Chicago, Chicago. 

F. W. ALDRICH, 1506 East Washington Street, Bloomington. 
M. M. LEIGHTON, Illinois State Geological Survey, Urbana. 
J. C. McGREGOR, Illinois State Museum, Springfield. 
L. R. TEHON, Illinois State Natural History Survey, Urbana. 
L. J. THOMAS, The University of Illinois, Urbana. 
H. B. WARD, The University of Illinois, Urbana. 



Committee on Membership: J. H. GARLAND, Chairman, The University of Illi¬ 
nois, Urbana. 

G. H. BOEWE, Illinois State Natural History Survey, Urbana. 
N. D. CHERONIS, 5556 Ardmore Avenue, Chicago. 
D. L. EATON, Northern Illinois State Teachers College, DeKalb. 
CARL EKBLAD, Moline High School, Moline. 
G. E. EKBLAW, Illinois State Geological Survey, Urbana. 
W. H. ELLER, 308 Sherman Avenue, Macomb. 
W. W. GRIMM, Peoria. 
G. N. HUFFORD, 116 Sesser, Joliet. 
K. RICHARD JOHNSON, National College of Education, Evanston. 
G. N. JONES, The University of Illinois, Urbana. 
T. L. PEWE, Augustana College, Rock Island. 
WELLINGTON JONES, The University of Chicago, Chicago. 
ORLANDO PARK, Northwestern University, Evanston. 
MALCOLM REID, Monmouth College, Monmouth. 
H. F. THUT, Eastern Illinois State Teachers College, Charleston. 
W. B. WELCH, Southern Illinois Normal University, Carbondale. 
C. J. WIDEMAN, Loyola University, Chicago. 

Committee on Pre-Medical Training: C. I. REED, Chairman, The University of 
Illinois College of Medicine, Chicago. 

L. I. BOCKSTAHLER, Northwestern University, Evanston. 
HARVEY DeBRUINE, Elmhurst College, Elmhurst. 
G. H. GARDNER, School of Medicine, Northwestern University, Evanston. 
B. VINCENT HALL, The University of Illinois, Urbana. 
T. T. JOB, Loyola University Medical School, Chicago. 
A. B. LUCKHARDT, The University of Chicago, Chicago. 
J. ROSCOE MILLER, School of Medicine, Northwestern University, Evanston. 

Committee on Publications: 

The President. 
The Secretary. 
G. H. CADY, Illinois State Geological Survey, Urbana. 
H. K. GLOYD, Chicago Academy of Sciences, Chicago. 
NEIL E. STEVENS, The University of Illinois, Urbana. 

Committee on Research Grants from A. A. A. S.: E. L. STOVER, Chairman, East¬ 
ern Illinois State Teachers College, Charleston. 

R. O. FREELAND, Northwestern University, Evanston. 
B. S. HOPKINS, The University of Illinois, Urbana. 
SISTER MARY O’HANLON, Rosary College, River Forest. 
K. P. SCHMIDT, 104 S. Michigan Avenue, Chicago. 
OTIS B. YOUNG, Southern Illinois Normal University, Carbondale. 

Committee on Teacher Training: E. L. STOVER. Chairman, Eastern Illinois State 
Teachers College, Charleston. 

ORLANDO PARK, Northwestern University, Evanston. 
R. F. PATON, The University of Illinois, Urbana. 

Collegiate Section Committee: H. R. WANLESS, Chairman, The University of Illi¬ 
nois, Urbana. 

SISTER MARY O’HANLON, Rosary College, River Forest. 
SISTER JOAN PREISING, College of Saint Francis, Joliet. 
PERCIVAL ROBERTSON, The Principia College of Liberal Arts, Elsah. 
C. J. WIDEMAN, Loyola University, Chicago. 
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ADDRESS OF THE PRESIDENT 

SOME PERSONAL RESPONSIBILITIES OF SCIENTISTS 
OTIS B. YOUNG 

President, Illinois State Academy of Science, 19'dr'i5 

Our attentions are so often drawn 
to the momentous emotion-stirring 
events both at home and abroad, 
that we relegate to the background 
those questions which do not clamor 
for immediate attention and action. 
Yet a delay in considering a ques¬ 
tion and the failure to prepare for a 
situation may result in a catastrophe 
or in postponement of a major dis¬ 
covery. 

One such question to which 
science should seriously dedicate it¬ 
self, I believe, is the position of 
science itself. Science has a place of 
unprecedented importance, it affects 
the lives of most people, it carries 
the major part of the gigantic bur¬ 
den of adding to the total of human 
knowledge; yet in its rapid expan¬ 
sion into our educational, social, eco¬ 
nomic, and industrial life, it is 
losing much of its recently acquired 
identity. Effective and desirable 
unity among scientists is difficult to 
obtain. Many different groups, pro¬ 
fessions, organizations, research in¬ 
stitutions, and foundations are con¬ 
ducting scientific work under many 
different names, and frequently they 
are not linked with other workers in 
the basic sciences to which their own 
work is so closely related. Yet all 
are engaged in the discovery of the 
secrets of nature and their classifi¬ 
cation and utilization. This motive 
should be a far stronger bond than 

that which serves to hold together 
many another group. 

It is the highly trained scientific 
personnel who developed and largely 
perfected the scientific method of 
thinking, the application of which 
has advanced civilization. Such 
people have achieved the develop¬ 
ments that distinguish the world of 
today from that of the stone age. 
Their devices determine today’s 
methods of warfare in which the 
victor is the one who uses superior 
equipment. Manpower odds must 
be tremendous to make an exception 
to this statement. A great industry 
may be founded on one successful 
research project. Is it necessary to 
elaborate on the importance of such 
discoveries as radar, the sulpha 
drugs, plastics, electrical and me¬ 
chanical power, the X-ray, and the 
airplane ? The list might be extended 
indefinitely, yet the exploration of 
physical and biological realms has 
scarcely begun. 

Although realizing the tremend¬ 
ous influence of science, we should 
remember that its motives remain re¬ 
stricted, its activities limited, and its 
component groups scattered. The 
science which has given the world 
such vast knowledge for both human 
betterment and destruction, has gen¬ 
erally remained neutral on moral 
questions. Its products may be used 
for either good or evil, but it has 



8 Illinois Academy of Science Transactions 

exerted no concerted influence to 
control their uses. The primary 
motive is only to discover, classify, 
and apply the laws of nature; never¬ 
theless the individual scientist is 
still a human being, and not all his 
vital needs are served by his diligent 
labor under this primary motive. 

Some of the limitations may be in¬ 
dicated by the following queries : 

(1) In case some highly meritori¬ 
ous legislation is desired, do you con¬ 
stitute a well recognized political, 
lobbying, or pressure group? Would 
you be willing to become one upon 
the recommendation of the proper 
authorities ? 

(2) The history of science reveals 
many workers who tried to carry on, 
in spite of poverty, inadequate facil¬ 
ities, and social abuse. What cor¬ 
rective methods have originated 
within professional groups con¬ 
cerned ? 

(3) One person in seven normally 
dies of cancer. Should research on 
this vital problem be largely cur¬ 
tailed until voluntary public sub¬ 
scriptions finance it ? Should re¬ 
search be more effectively sub¬ 
sidized ? 

(4) Does your salary average 
more than one-half the income of a 
professional practitioner with equiv¬ 
alent training? 

(5) Are you cooperating sys¬ 
tematically and continuously in 
carefully planned activities with 
State and Federal Departments? 

(6) Are you willing to make 
recommendations restricting the use 
of your products when public wel¬ 
fare is jeopardized? 

(7) If you are an educator, what 
percentage of students take basic 
science courses in comparison with 
other subjects? 

(8) What is the relative cost per 
student in your department com¬ 
pared with other more personal sub¬ 
jects? Are all schools financially able 

to equip a high ranking science de¬ 
partment? Do instructors of science 
work under conditions as suitable 
as those in other subjects? 

(9) Do you give assistance and 
protection to needy scientists suffer¬ 
ing under unquestionable injustices 
and persecutions? 

(10) Are you carefully watching 
sources of research material, such as 
archeological, which may become 
lost, damaged, or destroyed? 

(11) Do you agree that the re¬ 
sponsibility for a large project can 
be borne better by an organization ; 
than by some interested individual? 
If so, what rules and regulations 
has your organization established? 

(12) What means of close co¬ 
operation have been provided among 
the various State Academies of 
Science ? Likewise with the National 
Academies beyond usual mere affilia¬ 
tion as with the A.A.A.S. ? 

(13) By what means of systemat¬ 
ic publicity is the general public in¬ 
formed about the values of research ? 
Does the public mind give the credit 
for it to the proper sources? Will 
that public support your activities 
expended in its behalf ? 

(14) Advanced educational train¬ 
ing has been largely curtailed dur¬ 
ing the war; what action is planned 
to compensate for the resultant 
deficit of highly trained scientists? 

(15) In nearly any of the medi¬ 
um sized and small institutions of 
this State, there are several capable 
and ambitious members of the Illi¬ 
nois Academy of Science who are far 
too limited by both time and facili¬ 
ties to conduct independent re¬ 
search. Have large high quality 
projects been subdivided so that 
members in different localities may j 
take part and thus advance profes¬ 
sionally ? 

(16) If you are allowed to live in 
the so-called “ivory tower”, largely 
immured from disturbing influences 
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and able to pursue your research 
and other professional activities to 
the full extent of your energy and 
capability, will you concentrate 
temporarily on supplying the neces¬ 
sities of life to alleviate the suffer¬ 
ing which accompanies economic 
depressions, low salaries, and unem¬ 
ployment ? 

(17) After witnessing the changes 
in nations abroad which have been 
wrought by those extreme force- 
systems of government, as in Ger¬ 
many which to a large extent made 
possible the present global war, can 
you believe that organizations with 
excellently educated personnel 
should fail to be ready to protect at 
all times with all means at their dis¬ 
posal our democratic form of gov¬ 
ernment ? 

(18) Should not intellectual 
groups, using a reasonable and prac¬ 
tical interpretation consider the 
“four freedoms” not only an ideal, 
but a workable and permanent goal ? 
Should not scientists continue in 
time of peace to defend America 
against subversive infiltrations as 
‘ ‘ The fifth columns ’ ’ which may 
again attempt, as a social cancer, to 
eat at the vitals of duly established 
and regulated law and order? 

(19) From a business viewpoint, 
is a low financial balance difficult to 
explain if you not only give away 
the valuable results of your re¬ 
search, but also pay publication 
costs to hasten the process of giving 
them away? 

(20) An underlying thought of 
many observers of prominent con¬ 
ferences for the settlement of differ¬ 
ences is, “Has humanity, through 
suffering and education, learned yet 
to cooperate for mutual benefit?” 
Was torture an indispensable factor 
in causing you to perform excellent 
research, or did you respond to your 
own will and interest? 

Some may consider the foregoing 
questions unnecessarily critical or 
that they do not come within the 
usual reaches of science; if so, their 
attention should be called to a 
changing and dangerous trend that 
is founded on a debatable assump¬ 
tion, a trend to which many profes¬ 
sions and organizations are receptive 
and one that will grow as the stress 
of war diminishes. This trend is the 
tendency to relegate the sciences to 
a position of lesser importance, and 
instead, for the purpose of main¬ 
taining human harmony, to rely in 
the post-war period on social sci¬ 
ences—philosophy, religion, history, 
economics, and education. Although 
there is much merit in asserting the 
dependence of peace upon better 
human relations, the assertion does 
not solve the problem. These social 
fields, significant and indispensable 
as they are, have not yet proved 
effective in maintaining interna¬ 
tional goodwill. 

If the real scientists neglect to 
expand their activities and influ¬ 
ences, with subsequent loss in pres¬ 
tige and curtailment of research, it 
will be a step toward unprepared¬ 
ness—toward popular indiffenence 
and complacency—toward the next 
war. Science, so valuable in war, 
is equally effective in peace. No 
well-balanced solution of interna¬ 
tional ills, armed conflict and chaos, 
will discourage or handicap science. 
We must depend on science, even 
when no crisis exists. 

Mankind has often turned to 
philosophy for answers to urgent 
questions, and perhaps always will, 
for we have no assurance that all the 
secrets of nature will ever be dis¬ 
covered. Yet such a practice recog¬ 
nizes the inadequacy of science and 
man’s limitations in accepting re¬ 
sponsibility for his own welfare. 
Our wars are extreme examples of 
our failures. 
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Time and again society has tried 
out its variations of behavior pat¬ 
terns, each with merits, each with 
faults. And all too often the merits 
are submerged and forgotten. We 
cannot help but wonder whether 
such speculation and trial-and-error 
methods are always necessary, and 
whether it may not be possible to 
solve more and more problems by 
the fact-finders, by scientific un¬ 
biased investigators. Does the price 
paid in terms of human life and suf¬ 
fering warrant delay in the perma¬ 
nent universal adoption of estab¬ 
lished knowledge ? Such questions 
are with us always, in times of both 
peace and war. 

This discussion is not an attempt 
to include all the issues of the uni¬ 
verse nor to encourage an unreason¬ 
able expansion in science’s object¬ 
ives, but it is an emphatic appeal for 
the application of scientific methods 
to additional significant and vital 
realms. We hear the agonized voices 
of the impoverished, the suffering, 
and the dying; we see the crosses 
which mark the resting places of the 
war dead. We comprehend the 
price which, down through the ages, 
humanity has paid in the hope of 
attaining higher ideals and better 
ways of life. We iook candidly at 
the results and see little cause for 
optimism. When we consider the 

future, our faith in the traditionally 
appropriate administrative non-sci- 
entific groups is at best only moder¬ 
ate. We wonder what a different 
approach might contribute, and if it 
would be welcomed and supported. 

It may be that, great though its 
attainments, science will truly come 
into its own when it produces work¬ 
able solutions to the old questions 
and problems that are the funda¬ 
mental causes of human unhappiness 
and of national and international 
strife. 

In conclusion, our rapidly matur¬ 
ing science should expand tremend¬ 
ously, should assume responsibilities 
adapted to the demands of its mem¬ 
bers, should protect itself through 
representation rather than restrict 
its activities and trust others to show 
benevolence, should continue its 
eminent part through research and 
the application of research in mak¬ 
ing the lives of people more full and 
complete, should influence the uses 
of discoveries for human betterment 
rather than for destruction, and 
should undertake the task of assist¬ 
ing with the solution of momentous i 
borderline issues. Much may be ac- 
complished through effective organi¬ 
zation and through sustained active j 
participation of all who labor in one ! 
of the noblest of all professions, the j 
great brotherhood of science. 



Illinois Academy of Science Transactions, Vol. 38, 1945 11 

AGRICULTURE 

EFFECT OF VACUUM PASTEURIZATION ON THE 

QUALITY OF CREAM PRODUCED IN 

SOUTHERN ILLINOIS 

HAROLD C. BRACKETT 

Producers' Creamery, Carbonclale. Illinois 

One of the basic solutions to the 
land use problem of southern Illi¬ 
nois is grassland farming which im¬ 
plies extensive pasturage with live¬ 
stock, particularly dairy cattle, beef 
cattle, and sheep. Dairying is beset 
with a particularly serious problem 
because of the widespread presence 
of wild garlic in pastures in south¬ 
ern Illinois. Milk produced from 
pastures infested with garlic absorbs 
objectionable odors which persist 
through all the regular processing 
into commercial products. 

In addition to wild garlic, pepper 
grass also causes objectionable odors 
in milk and cream products. Poor 
care of cream before it reaches the 
processing plants also contributes to 
the high percent of low scoring but¬ 
ter produced in southern Illinois. 
“Poor care” might include careless¬ 
ness. on the farm, delays and lack of 
refrigeration in transit to market, 
and ineffective processing tech¬ 
niques or any combination of these 
factors. The remedy for this kind 
of defect in butter as an end-product 
of milk and cream is a methodical 
program of quality improvement be¬ 
ginning with the milk as it comes 
from the cow and ending with the 
cream as it enters the churn. In 

other words, improvement in this 
category involves management prac¬ 
tices under the control of the human 
element. 

This paper deals largely with the 
defect caused by the carry-over of 
absorbed weed and feed flavors into 
manufactured butter and how this 
defect may be corrected once these 
odors are absorbed. 

It is a well known scientific fact 
that flavors of weeds and feeds eaten 
by cows a few hours prior to milking 
are absorbed on the surface of the 
fat globules and thus are carried 
into the milk. One practical sug¬ 
gestion is to take cows off pastures 
infested with objectionable weeds 
four or five hours before they are 
milked. Since this is a management 
factor difficult to control, sometimes 
making an extra chore and possibly 
discouraging the very enterprise 
itself, much “ garlicky ” cream will 
undoubtedly find its way to the 
creameries. The principal problem 
in handling such cream is to remove 
these flavors from the butter fat, 
thus rendering the products more 
salable without impairing the physi¬ 
cal or chemical properties. 

Early experimental work to rid 
cream of weed flavors was along 
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chemical and physical treatments. 
The chemical methods, particularly 
with chlorine compounds, were 
never highly acceptable because of 
certain violations of the Pure Food 
and Drug Act. A few cases of liti¬ 
gation and adverse publicity follow¬ 
ed the early trials with these chemi¬ 
cal methods. The ultimate product 
appeared to be no improvement over 
the original. Most chemical methods 
involve the use of very exacting 
amounts of reagents, with the ever 
present hazard of using either too 
little or too much. Because of this 
hazard, disastrous financial losses 
have been encountered among dairy 
manufacturers. 

Mechanical methods designed to 
release absorbed flavors involve both 
applied pressure and vacuum treat¬ 
ment. Although some pressure sys¬ 
tems are known to have had a mark¬ 
ed effect in improving the quality in 
cream, none are apparently capable 
of completely freeing the fat glob¬ 
ules of absorbed odors and flavors. 

The first vacuum type units used 
in the United States were essentially 
improvised vacuum pans or tanks, 
some equipped with nozzles for 
spraying the cream into a vacuum 
chamber. Others were equipped with 
steam jets to agitate or “steam 
wash” the cream while under re¬ 
duced pressure. Most of these units 
employed a high pasteurizing tem¬ 
perature, some as high as 240° F, 
just previous to the reduced pres¬ 
sure treatment. These early attempts 
resulted in a definite improvement 
in flavor but in many cases the phy¬ 
sical structure was usually impaired 
—specifically a breakdown in the 
“body” of the butter occurred and 
was difficult to overcome. 

Simultaneous to this early work in 
this country, Mr. F. S. Board, an 
internationally eminent authority in 
dairy technology, and his associates 
were carrying on experimental work 

along the same line in Australia and 
New Zealand. One product of their 
research was a triple-stage vacuum 
pasteurizer and deodorizer which 
was called “Vacreator”. Small 
experimental units were installed by 
the Dairy Departments of Iowa 
State College and Oregon State Col¬ 
lege in 1940. It appeared that this 
equipment when properly handled 
could eliminate the objectionable 
flavor without impairing the physi¬ 
cal quality of butter. The work at 
these two institutions gave the dairy 
industry of this country their first 
opportunity to observe new equip¬ 
ment which promised to revolution¬ 
ize cream processing techniques. 

By a cooperative arrangement 
with Iowa State College, this organi¬ 
zation early in 1941 was permitted 
to scrutinize and evaluate the new 
equipment and its operation. The 
results were immediate and highly 
satisfactory. Negotiations with Mr. 
Board were made and the third ma¬ 
chine to be installed in a commercial 
plant in this country was purchased 
by the farmer-cooperative with 
which the author is affiliated. 

Since 1942 this organization has 
built its qaulity program around the 
new “Vacreator”. Striking results 
have been obtained in producing 
higher quality butter; for example, 
all cream received at the plant in 
April 1943 testing 0.40 percent acid¬ 
ity or lower made 92 score butter. 
Most of the cream was unquestion¬ 
ably “garlicky” when it was re¬ 
ceived. In 1944 less than four per¬ 
cent of all the butter churned was 
below 90 score, as compared with 
47 percent below 90 score in 1939. 
The quality of butter and the per¬ 
cent of 92 score butter produced in 
1945 indicates an improvement over 
that of 1944. It is hoped that butter 
scoring less than 90, commonly re¬ 
ferred to as ‘4 under grade ’ ’, may be 
reduced to two percent for 1945 
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This small percentage represents de¬ 
terioration in quality and the pro¬ 
duction of objectionable flavors due 
to decomposition and cannot be 
remedied by the vacuum—high-tem- 
perature method. Only by an ag¬ 
gressive educational program direct¬ 
ed at the source of trouble, the farm 
itself with its management factors, 
can this defect be eliminated. 

CONCLUSIONS 

This farmer-cooperative organiza¬ 
tion has gone beyond the purely 
commercial motives in trying to 
produce high quality butter from 
low quality cream. It is clearly 
demonstrated that the problem of 
low scoring butter for which 
southern Illinois has long been no¬ 
torious can be handled successfully. 
Essentially all the objectionable feed 
and weed flavors common to the 

cream of this area have been remov¬ 
ed mechanically by the new “Vacre- 
ator” process. 

The final stage in the improve¬ 
ment program to put southern Illi¬ 
nois in the 92-93 score butter class 
involves education of the producers 
in handling milk and cream on the 
farm. Hazards can be eliminated 
all along the way from the time the 
milk is taken from the cow until the 
cream is on its way to the market. 
Reducing the time in transit to the 
processing plant will be a post-war 
problem easily solved. 

The dairymen of southern Illinois 
should be encouraged to know that 
an old “mill stone” is being remov¬ 
ed and that in time this area may 
become much more important as a 
dairy-producing region because of 
improved methods of processing as 
described herein. 
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FLUCTUATIONS IN SAN JOSE SCALE INFESTATION 

STEWART C. CHANDLER 

Field Entomologist, Illinois Natural History Survey 

San Jose scale is an ever present 
menace to fruit trees of Illinois, 
apple and peach especially which 
may require annual spraying in or¬ 
der to hold it in check. It is especial¬ 
ly severe in the southern third of the 
state, doing its greatest damage 
soutli of a line between St. Louis, 
Mo., and Vincennes, Ind. 

Because of the fact that some 
growers would like to omit the dor¬ 
mant spray for scale in seasons when 
the infestation is light and take spe¬ 
cial pains when it is severe, the Illi¬ 
nois Natural History Survey has 
conducted an annual survey of con¬ 
ditions in apple and peach orchards 
in southern Illinois and reported the 
results at fruit meetings and through 
the press. From 150 to 200 orchards 
are examined, about equally divided 
among apple and peach, in the prin¬ 
ciple fruit-growing counties of 
southern Illinois. Usually about 15 
or 16 counties are included in the 
survey, extending from Marion and 
Richland counties in the north to 
Pulaski and Massac in the south. 
Frequent inspections are made in 
other regions north of this territory, 
but since infestation is much less 
severe there, they are not included 
in this discussion. As nearly as pos¬ 
sible the same territory is covered 
and very frequently the same or¬ 
chards are inspected each year, so 
as to increase the probability of ac¬ 
curacy of the information secured 
on yearly trends. 

After inspecting each orchard the 
infestation was set down as “Mod¬ 
erate to Severe” or “None to 

Light”. This appears to be the most 
practical method of recording the 
extent and prevalence of the insect. 
Because of the nature of the insect 
and the enormous number of indi¬ 
viduals, there is no easy way of re¬ 
cording by percentages. “Moderate 
to Severe” was made to refer to the 
infestation in one or more parts of 
the orchard but not all over the 
orchard, since the oil sprays now 
available for the grower make a 
heavy infestation over an entire 
block of trees unlikely. Also most 
growers have found from sad ex¬ 
perience that a single spot of heavily 
infested orchard may mean a great 
loss to the entire block of trees by 
the end of another season, if not 
thoroughly sprayed with a sufficient 
strength of oil in the dormant season 
that follows the discovery of the in¬ 
festation. Figure 1 shows the ef¬ 
fects of scale on a single peach tree. 

Figure 2 shows the percentages 
of peach and apple orchards over a 
15-year period in which a moderate 
to severe infestation of San Jose 
scale was found in some part of the 
orchard. It may be seen that in 
these fifteen years (1930-1944) there 
were high peaks of infestation about 
every third year. In those years 
from 40 percent to 50 percent of the 
apple orchards and from 58 percent 
to 72 percent of the peach orchards 
had “Moderate to Severe” infesta¬ 
tions. These years were 1931, 1934, 
1937, 1941, and 1944. The only ex¬ 
ception to the three-year rule was in 
1940, and this was true only because 
the infestation in 1941 was still 



Fluctuations in San Jose Infestation 15 

Fig. 1.—Results of heavy infestation of San Jose scale. Some 
of the infested branches began to grow in the spring but they 
finally died. 

higher than the high percentage in 
1940. 

It will be observed that the infes¬ 
tations in peach orchards are almost 
invariably higher than in apple or¬ 
chards. This was found to be true, 
not only in orchards side by side, 
but even in those interplanted, 
peach and apple together. This may 

1 be due in part to the factor of plant 
susceptibility. We know that cer¬ 
tain trees or even varieties of fruit 
are much more susceptible to the 
attacks of certain insects and dis¬ 
eases than others. It may also be 
due in part, and possibly quite 
largely, to the fact that growers ap¬ 
ply sprays for various insects and 
diseases to apple more than to peach, 
and that helps to hold the scale in 
check. Summer oils used for codd¬ 
ling moth control are probably a 
factor in checking the scale during 
the season. These are never applied 
to peach. 

In attempting to explain the tre¬ 
mendous variations from year to 
year, especially the big decreases 
following the peak years, some of the 

various factors which affect infesta¬ 
tion of San Jose scale are here con¬ 
sidered : 

1. Winter mortality — Every win¬ 
ter appreciable numbers of scale in¬ 
sects are killed by low temperatures. 
Counts of survival over these years, 
although not made regularly, have 
been found to range from 2 percent 
live to 75 percent live in the spring, 
after the cold of winter has passed. 

2. Length of breeding season.— 

San Jose scale, unlike some insects, 
continues to reproduce as long as the 
weather is reasonably warm. In 
some long, mild autumns, I have 
found crawling nymphs in the mid¬ 
dle of December following mild 
weather in November. At other 
times there is little reproduction 
after the middle of November, even 
in the extreme southern areas of the 
state. 

3. Parasites and predators.—This 
is a very important factor. Some 
years very high percentages of scale 
have been found destroyed by their 
insect enemies. Sufficient study has 
not been given to the enemies of this 
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SAN JOSE SCALE ON PEACH 

SAN JOSE SCALE ON APPLE 

Fig. 2.—Percentage of orchards showing moderate to severe infesta¬ 
tion of San Jose scale during the years 1930-1944. 

particular insect, but in general it 
lias frequently been found that the 
increase in the host insect will bring 
about so great an increase of its 
enemies that it is reduced to a point 
that results in lack of food for the 
parasites. In other words, these 
parasites and predators do such a 
good job that they destroy their 
means of livelihood and they them¬ 
selves die off. It is entirely possible 
that this happens to a considerable 
extent with the San Jose scale. 

4. Control l>y the grower.—Dur¬ 
ing the winter following every year 
in which scale becomes serious, grow¬ 
ers make particular effort to do a 
thorough job of spraying. Whereas 

some years they might omit the dor¬ 
mant spray, at least in some blocks, 
this particular season every tree is 
sprayed and often a stronger than 
usual dosage of material is used. 
Growers may not realize, without 
being told, the seriousness of the sit¬ 
uation, since San Jose scale is a very 
tiny insect lying flat against the 
bark, and many people cannot see 
it until thousands of individuals are 
massed on a branch. Every effort is 
made to publicize the scale situation 
in these peak years. It is entirely 
possible that the special efforts made 
by growers to reduce the population 
is another important factor in these 
fluctuations. 
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SOME WAR-TIME DEVELOPMENTS IN SPRAYING 
ILLINOIS FRUITS 

L. L. COLVIS 
Illinois Fruit Growers Exchange, Carbondale. Illinois 

Many of the advances during the 
past few years in spraying fruits 
are not the direct result of war-time 
conditions, but have been accentu¬ 
ated to a considerable extent because 
of these conditions. The purpose of 
this paper is to present some of the 
recent changes in practical spray 
schedules and the factors which 
have brought them about. 

For several years prior to the war, 
nicotine sulphate was used in a lim¬ 
ited way to supplement the program 
of coddling moth control in apples. 
Its advantage is that it can be used 
until immediately before harvest 
without the necessity of washing 
the fruit in order to comply with 
spray residue regulations. Experi¬ 
mental work has shown also that 
nicotine products are less injurious 
to the foliage of apple trees than 
arsenate of lead. Fruit properly 
sprayed with nicotine usually has 
less stings because the coddling moth 
larvae are killed before they actu¬ 
ally have an opportunity to eat into 
the fruit skin. Although this pro¬ 
gram was well under way before the 
war, it was encouraged to a much 
greater extent because it appeared 
that the domestic supply of arsenic- 
als would be limited. Nicotine prod¬ 
ucts showed much greater promise 
of being available in sufficient quan¬ 
tities and consequently were in¬ 
cluded in many spray programs. 
Even though the situation is re¬ 
versed at present, that is, nicotine 
preparations are scarce whereas ar- 
senicals are available in fairly satis¬ 

factory quantities, many growers 
prefer to use nicotine sprays because 
of the advantage in growing high 
quality fruit without the need of 
washing. This trend will continue 
long after the close of the present 
war. 

Hormone sprays made of a sodium 
salt of naphthalene acetic acid were 
also being used experimentally at 
the outbreak of the war. Their prin¬ 
cipal purpose is to keep the apples 
from dropping from the trees as 
they approach maturity. With a 
shortage of labor on fruit farms, 
however, it soon became evident that 
the same material could be used to 
prolong the harvest period and con¬ 
sequently level out necessary peaks 
of labor. The material is especially 
effective on long stemmed varieties 
of apples such as Delicious and 
Jonathan. It is least effective on 
short stemmed varieties such as 
Winesaps. 

DDT, which is the common des¬ 
ignation for dichloro diphenyl tri- 
chloroethane, is a new material 
which has had a great amount of 
experimental work for war-time 
uses. It has not been developed 
primarily as a spray material, but 
rather because of its promise in con¬ 
trolling insect pests of the Armed 
Forces. A certain amount of experi¬ 
mental work, however, has been done 
with this material in order to dis¬ 
cover its adaptability for controlling 
insects injurious to fruit. It has not 
yet reached the stage where definite 
recommendations are offered. In 
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fact, for the first time this year lim¬ 
ited amounts are being made avail¬ 
able for experimental work to be 
carried on by a few commercial or- 
chardists. It seems to have very 
definite promise of fortifying the 
nicotine spray program in order to 
further combat the coddling moth. 
It is well known that this material 
is very effective in controlling many 
insects. Just what its effects will be, 
however, in damaging beneficial 
parasites is yet to be determined. 
In fact, so little definite information 
is known about what can be accomp¬ 
lished with DDT that its future lies 
in the field of speculation. Its poten¬ 
tialities, once realized, will probably 
decrease the number of applications 
needed during a growing season and 
thereby appreciably reduce the cost 
and the labor needed to grow good 
fruit. 

Another very new material is an 
emulsified wax made of a mixture 
of vegetable oils and mineral waxes. 
The primary purpose of this is for 
spraying heavily blossoming trees at 
the time of full bloom in order to 
cover some of the blossoms thereby 
giving the remaining ones a better 
chance of setting fruit than when all 
are equally competing for the stor- 
ed-up energy in the tree. The suc¬ 
cess of this depends upon the physi¬ 
cal aspect of sealing the pistils there¬ 
by eliminating the possibility of the 
entrance of pollen. In addition to 
the value of helping trees to set 
fruit, it has the added possibility of 
regulating the set. If this condition 
is later to be corroborated, a great 
deal of labor normally used in thin¬ 
ning overloaded trees could be 
saved. Not enough experimental 
work has been done with wax emul¬ 
sion sprays to offer definite recom¬ 
mendations for spray schedules. A 

small amount of material is being 
made available to commercial grow- ' 
ers for experimental work for the 1 
first time this year. It will probably 
take several years before the full 
value of wax emulsion sprays is i 
known. 

In addition to the various new 
materials which have been mention- j 
ed, other developments have been i 
speeded up because of war-time con¬ 
ditions. Although dusting of peaches 
and apples has been done for a num¬ 
ber of years, the labor-saving angle ! 
of this practice has been especially 
appreciated since the outbreak of j 
war. Many more dusters are now ! 
in use because an orchard can be 
dusted in much less time than it 
takes to apply a wet spray. Even 
hormone dusting is now accepted as j 
an efficient and effective method of 
applying hormones to prevent the < 
well known summer drop in apples, j 

Innovations in spraying equip¬ 
ment may also be attributed to labor 
shortage due to the war. Larger and 
more powerful sprayers are coming 
into common use, the so-called speed j 
sprayer being one of the latest devel¬ 
opments. The principal advantage 
of the new speed sprayer is that the 
tractor and spray outfit can be op- j 
erated by one man. Airplane dust¬ 
ing, while not entirely new from the 
standpoint of field crops, is being 
discussed by Illinois fruit growers 
and has been tried in a small way by » 
a few commercial orchardists in | 
other parts of the United States. 

The recent trend in spray pro¬ 
grams in Illinois is characterized by I 
improved and new spray materials, 
more powerful machinery, and a 
relatively smaller need for labor. 
This has been caused largely by the 
present war and its many effects on j 
the practical fruit growers. 
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BORAX CORRECTS TIPBURN IX GREENHOUSE LETTUCE 

E. E. GREER 

Farm Adviser, Williamson Comity, Illinois 

Boron deficiency has been un¬ 
questionably demonstrated in many 
soils of the United States and 
Europe. Certain soils along the 
eastern sandy coastal plains of the 
U. S. require borax for successful 
vegetable growing. The old soils of 
Virginia, Tennessee, and Kentucky 
will not now grow alfalfa success¬ 
fully without borax application. 
Seed production, higher hay yields, 
and greater length of life of stands 
have resulted from borax applied to 
alfalfa. Boron deficiency is common 
in Michigan, especially for alfalfa, 
sugar beets, and some vegetable 
crops. In the extreme Northwest, 
some soils have been found deficient 
in boron. 

In Illinois, boron deficiency has 
been shown to exist in several soil 
types throughout the state. Alfalfa 
is especially sensitive, the older soils 
of southern Illinois having shown 
the greatest response to borax. It is 
reported that a direct relationship 
exists between the age or intensity 
of weathering of a soil and its avail¬ 
able boron content. Such a situa¬ 
tion exists with potassium availa¬ 
bility, suggesting that the same 

i weathering agents place both potas¬ 
sium and boron among the dearer 
soil nutrients. However, there is 

I no known relationship between the 
two elements and there is generally 
much more total potassium than 
boron in soils. 

The rates of application of borax 
to correct boron deficiency suggest 
that only very small amounts of 
boron are required for normal plant 

development when compared with 
nitrogen, phosphorus, and potas¬ 
sium. 

The requirements for boron 
among the different species of crop 
plants appear to vary considerably. 
Soils may be deficient for some crops 
and sufficient for others. Appar¬ 
ently the cereal grains and forage 
grasses have a low requirement, 
whereas legumes, tomatoes, root 
crops, cole crops, tobacco, sunflow¬ 
ers, and other plants have a high 
requirement. 

The problem presented herein 
came to the attention of the Agri¬ 
cultural Extension office in 1944. 
Two Williamson County greenhouse 
operators reported peculiar symp¬ 
toms in leaf lettuce appearing just 
at marketing time. Dr. R. H. Bray, 
University of Illinois, Department 
of Agronomy, suggested that the 
trouble might be boron deficiency. 

DESCRIPTION OF SYMPTOMS 

McHargue and Calfee (1) have 
shown that boron deficient head let¬ 
tuce plants show necrotic tissue near 
the leaf margins and over the grow¬ 
ing point. Moinat (2) grew head 
lettuce in nutrient solutions with 
and without boron. Plants without 
boron had thick, small, cupped, brit¬ 
tle leaves; furthermore, brown spots 
and waxy exudations appeared on 
the younger leaves, followed by the 
browning and death of the growing 
point. The leaf lettuce observed in 
the Herrin commercial greenhouses 
in 1944 exhibited some of the symp¬ 
toms described above. Mr. Edward 
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Ridgeway reported that his lettuce 
was stunted and just at marketing- 
time tipburn damage spread rapidly 
over the entire planting, causing 
serious financial loss. In addition, 
Mr. Ridgeway observed that the 
plants “bled” profusely with the 
whitish exudation. Furthermore 
the leaves seemed brittle and in han¬ 
dling they gave a metallic, rustling, 
paper-like noise. 

Since leaf lettuce is harvested in a 
very immature stage as far as the 
life history of the plant is con¬ 
cerned, the growing point was not 
examined for evidence of nutritional 
disorders. 

SOIL TREATMENT TO CORRECT TIPBURN 

DAMAGE 

Mr. Ridgeway followed the sug¬ 
gestion of applying thirty pounds 
of borax per acre in the greenhouse 
unit in which tipburn had appeared 
the worst. Ordinarily three crops 
of lettuce are grown each year from 
September 1 to May 1. The borax 
was applied ahead of the second 
planting. The results of this simple 
and single treatment were phenom¬ 
enal. At harvest time, the total 
yield was estimated to have in¬ 
creased from ten tons to twenty tons 
per acre for a single crop. The 
leaves held their normal green color 
throughout harvest without even a 
trace of tipburn. The plant sap did 
not flow as freely in cutting and 
there was an absence of the metallic 
sound in handling. 

The soil in this greenhouse has 
been used continuously for more than ■ 
thirty years. It is a highly weather¬ 
ed type common to southern Illinois . 
and is one expected to be low in ^ 
available boron for alfalfa and other : 
legume crops. Previous to 1935 i 
manure from the livestock yards in | 
East St. Louis had been applied at 
the rate of one hundred tons per | 
acre. For the last ten years manure 
produced on the home farm had ; 
been used. Since the farm soil is 
probably low in available boron, the j 

feeds produced and fed to the live- f 
stock are likewise low. Intensive 
use of the greenhouse soil, including j 

three crops of lettuce yielding fifty 
to sixty tons per acre and one of I 
tomatoes yielding from twenty to 
thirty tons, had undoubtedly caused j 

a heavy withdrawal of available i 
boron so that a deficiency for lettuce j 
was created. No apparent nutri- j 

tional disorder has been observed | 
with tomatoes that might be attri¬ 
buted to boron deficiency. 

Mr. E. J. L. Larimer, a neigh¬ 
bor of Mr. Ridgeway, also reported 
correcting tipburn damage in leaf ! 
lettuce by using thirty pounds of j 
borax per acre. 
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ANTHROPOLOGY 

BISON IN ILLINOIS ARCHAEOLOGY 

JOHN W. GRIFFIN and DONALD E. WRAY, 

Chicago. Illinois 

This paper presents a review of 
archaeological evidence of the bison 
in Illinois in hope that it may eluc¬ 
idate certain problems of culture 
history and animal geography. As 
long ago as 1875 both J. A. Allen 
and N. S. Shaler pointed out that 
the “Mound Builders” apparently 
did not know the bison. Shaler pos¬ 
tulated that the “Mound Builders” 
were too late to have encountered 
extinct forms of bison and had dis¬ 
appeared before the modern bison 
came into the area. Shaler further 
thought that the modern Indians 
who followed the “Mound Build¬ 
ers” had extended the limits of the 
treeless plains eastward by burning 
the land over and thus permitted the 
modern bison to enter the region. 
Otis Mason in 1895 questioned 
Shaler’s statements. He asked first 
if it were true that the “Mound 
Builders” did not know the bison, 
and, secondly, if this were true, then 
did the bison cross the Mississippi 
after the “Mound Builders” disap¬ 
peared, or was the appearance of the 
bison the cause of the decline of the 
“Mound Builders”. 

This problem could not be an¬ 
swered until the sequence of archae¬ 
ological cultures had been estab¬ 
lished and some of their relation¬ 
ships had been clarified. The ad¬ 
vances which have been made in 
Midwestern archaeology since these 

men wrote make it possible to re- 
examine the problem of the bison. 

THE BISON EAST OF THE MISSISSIPPI 

The range of the bison in the east¬ 
ern United States in early historic 
times provides one set of data. J. A. 
Allen (1875) has summarized this 
historical evidence and concludes 
that the bison east of the Mississippi 
was restricted largely to the areas 
drained by the Ohio and Illinois 
rivers and their tributaries. It was 
particularly numerous over the 
prairies of Illinois and Indiana and 
the country immediately bordering 
the Ohio and its upper tributaries. 
“Its range was hence restricted to 
the prairies, the scantily wooded 
districts, and the narrow belts of 
open land along the streams.” 
(Allen, 1875, p. 115.) 

Marquette, Marest, and Charle¬ 
voix, among others of the early 
French explorers, note both the 
presence of the bison in Illinois and 
its use by the Illinois Indians. As 
late as 1773 it was abundant along 
the Kaskaskia and Illinois rivers, 
but soon thereafter began to disap¬ 
pear rapidly, so that by 1800, ac¬ 
cording to Allen, not a bison re¬ 
mained east of the Mississippi south 
of the Iowa-Minnesota line. 

The presence of the bison and in¬ 
formation concerning its disappear¬ 
ance are established from history, 
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TABULATION OF BISON REMAINS FROM SITES IN ILLINOIS 

Site Culture Notes on Bison Reference 

Abbott Mound #2 
Scott Co. 

Hopewell and Historic 3 molars, association 
uncertain 

Baker (1941), p. 74. 

T»l, Clear Lake 
Tazewell Co. 

Hopewell, Spoon River 
and Maples Mills 

ca. 19 specimens 
Spoon River 

Cole <fc Deuel (1937), p. 266 
Schoenbeck (1942) and (1944). 

Crable Site 
Fulton Co. 

Spoon River and Oneota remains including skull 
Spoon River-Oneota 

Smith (1943), also unpublished data. 

Fol2 
Fulton Co. 

Central Basin and 
traces of Maples Mills 
and Middle Mississippi 

2 specimens, association 
uncertain 

Cole & Deuel (1937), pp. 102-106, 266. 

Fc680 
Fulton Co. 

Woodland burials and 
Mississippi occupation 

1 specimen, with 
Mississippian 

Ibid., pp. 106-108, 266. 

Fol4 
Fulton Co. 

Red Ochre, Central 
Basin and Mississippian 

2 specimens, in 
Mississippi refuse 

Ibid., pp. 75-94, 266. 

F?>35 
Fulton Co.. 

Central Basin and 
Spoon River 

1 specimen, probably in 
Mississippi refuse 

Ibid., pp. 126-131, 266. 

Fr49, Whitnah 
Fulton Co. 

Hopewell and scattered 
Mississippian 

1 specimen, association 
uncertain 

Ibid., pp. 161-166, 266. 

Fr>574, Hummel 
Fulton Co. 

Hopewell 1 specimen Ibid., pp. 166-171, 266. 

Kingston Lake 
Peoria Co. 

Spoon River and 
Maples Mills 

ca. 7 specimens 
Spoon River 

Simpson (1939) 
Baker (1941), p. 74. 

Plum Island 
LaSalle Co. 

Upper Mississippi 1 molar in a pit Baker (1941), p. 74. 

Fisher Site 
Will Co. 

Upper Mississippi, late 
Woodland & historic 

humerus with burial 
of Upper Mississippi 
or Late Woodland 

Unpublished Mss. of 
George Langford 

but for information concerning its 
time of arrival we must turn to 
archaeology. Remains of the bison 
have been discovered in a number 
of sites in Illinois, and a tabulation 
of the major occurrences accompan¬ 
ies this paper. This table lists site 
and county, archaeological manifes¬ 
tations present at the site, number 
of specimens and where possible 
their association, and the references 
from which the data were derived. 
All twelve sites given in the table 
occur in counties bordering the Illi¬ 
nois River where we know the bison 
was abundant in early historic 
times. This point is not in itself 
significant, however, due to the pau¬ 
city of faunal data from other parts 
of the state. The second point im¬ 
mediately apparent from the table 
is that in almost every instance the 
bison bones were discovered in sites 

showing Mississippian manifesta¬ 
tions. The only exception is the 
Hummel village site in Fulton 
County which shows a homogeneous 
Hopewell occupation according to 
Cole and Deuel (1937, p. 167). In 
several other instances it was not 
specifically stated from which of 
several occupations the bones came, j 
but internal evidence in most of 
these cases suggests that it was 
either a Mississippian or Maples 
Mills manifestation. On the other 
hand, the Mississippian sites report¬ 
ed by Cole and Deuel which did not 
show the bison were represented by 
small collections and do not conclu¬ 
sively indicate that the animal was 
not present. In general, then, the 
bison in Illinois would seem to cor¬ 
relate with the Mississippian mani- 
festations. 

Tabulation of other areas of the 
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1850 

1800 

1700 

1600 

1500 

1400 

X//////A Historic record of bison. 

Archaeological record of bison. 

b::‘&y&vl Presumed occurrence 

TENTATIVE CHART OF THE 

DISTRIBUTION OF BISON. 

eastern United States has not been 
attempted because of inadequate re¬ 
ports of faunal remains of archaeo¬ 
logical sites. This inadequacy large¬ 
ly results from a tendency on the 
part of archaeologists to have the 
faunal remains reported for the 
total site without regard to their 
stratigraphic occurrence. 

Some comparative material is, 
however, available. J. B. Griffin 

1943, p. 374) has published a table 
of faunal remains of sites of the 
Port Ancient Aspect in Ohio and 
adjacent states. Of all these sites, 
the bison appears only at Madison- 
ville and, questionably, at Anderson. 
In another place (p. 124) he notes 
that Willoughby reported finding 
some sixty to seventy bearners of 
bison bone at Madisonville. Myer 
(1928, pp. 608-609) notes specific¬ 
ally that he found no bison bones in 
the several hundred village sites he 

explored in Tennessee, and particu¬ 
larly, that he found none at the 
Gordon and Fewkes sites, which are 
now classified into the Gordon- 
Fewkes aspect of the Middle Mis¬ 
sissippi phase. Meyer (1928, p. 555) 
postulates that the bison had not yet 
arrived in Tennessee at the time 
these sites were occupied, but had 
arrived in Ohio by the time Madi¬ 
sonville was occupied. 

West of the Mississippi, bison 
bones are found in archaeological 
horizons ranging much farther back 
in time, but no detailed citations are 
deemed necessary in the present 
paper. The accompanying chart of 
the distribution of bison shows ten¬ 
tatively the range of. the bison 
through time in several regions both 
east and west of the Mississippi, 
based on both historical and archae¬ 
ological documents. The culture 
sequences, and to a considerable ex- 
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tent the dating, are taken from Ford 
and Willey (1941) and Wedel 
(1940). It will be noted that the oc¬ 
currence of the bison east of the 
Mississippi appears as a late spread 
of relatively brief duration associ¬ 
ated primarily with Mississippian 
cultural manifestations. 

CULTURAL IMPLICATIONS 

Certain of the sites used in the 
tabulation of bison remains in Illi¬ 
nois belong to the Upper Mississippi 
phase, and constitute the latest 
known archaeological horizon in 
Illinois. Many lines of evidence 
favor dating this horizon from 1650 
to 1700. The sites show some varia¬ 
tion from one another and may in 
fact represent a time span; the earl¬ 
ier sites such as those in Jo Daviess 
County (Bennett, 1945) being trans¬ 
itional, and later sites such as Crable 
being a period of direct contact with 
other fully developed Oneota-like 
cultures (Smith, 1943). The time 
span would not be much more than 
fifty years in any case. 

All of these local manifestations 
of Upper Mississippi in Illinois ex¬ 
hibit traits which seem related to the 
Oneota complex of the Central 
Plains, and the sites fall in the same 
time period. Since many of the 
traits which characterize this late 
horizon have a long history in the 
Plains, it seems plausible to assume 
that these traits were introduced 
from the Plains into the Illinois 
country. Wray and Smith (1943) 
have hypothecated such an eastward 
extension of Upper Mississippi, and 
particularly Oneota, traits in their 
reconstruction of the protohistoric 
period in Illinois. The proposed 
identification of Upper Mississippi 
cultures in Illinois with the Illinois 
tribes of the early contact period is 
based on the assumption that the 
preceeding Middle Mississippi hori¬ 
zon with horticultural economy was 

disrupted by several factors and re¬ 
placed by Upper Mississippi cult¬ 
ures derived from west of the Mis¬ 
sissippi. This interpretation seems 
to be strengthened by the evidence 
of the migration of the bison into 
the Illinois region at the time period 
under consideration. This would pro¬ 
vide the economic basis for a new 
cultural development. 

A clue to this spread eastward of 
Plains culture is to be found in 
Waldo Wedel’s synthesis of Plains 
archaeology (Wedel, 1942). He 
places the Oneota, Loup River and 
Painted Creek manifestations in the 
protohistoric horizon, dating be¬ 
tween 1600 and 1700. He hypothe¬ 
cates a general shift for this period 
from a horticultural economy with 
sedentary village life to a combined 
horticulture and bison hunting 
economy. This constitutes a rever¬ 
sion to the older hunting tradition 
which antedates the extension of 
Mississippi valley agriculture into 
the Plains. The villages of the period 
are fewer in number, but large and 
compact, and give evidence of the 
revival of old hunting techniques. 
Wedel interprets this change as the 
beginning of the Plains hunting 
economy as it is known in historic 
times, when it is characterized by 
the horse and firearms in the exten¬ 
sive exploitation of the bison herds. 
Since the horse and firearms are 
lacking in this protohistoric period, 
some other factor must be brought 
in to account for the abandonment 
of agriculture in favor of hunting. 
Wedel suggests that a period of 
drought in the Plains could have 
forced the village horticulturists to 
revert in part to nomadism. 

The apparent coincidence of the 
appearance of the bison in Illinois 
with the adoption of a culture relat¬ 
ed to that of the Plains suggests that 
the emergence of Upper Mississippi 
complexes east of the Mississippi 
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river is in part a reflection of a 
change in basic economy. It may be 
stated as an hypothesis that the re¬ 
placement of Middle Mississippi hor¬ 
ticultural villages by Upper Missis¬ 
sippi villages with mixed horticul¬ 
ture and hunting economies repre¬ 
sents the same shift which occurred 
at the same time in the Central 
Plains. This shift in economy 
brought with it the adoption of cul¬ 
tural patterns which had been de¬ 
veloped around bison hunting in the 
Plains. Thus the spread of the bison 
east of the Mississippi, plus a dis¬ 
ruption of village life in the Plains 
(and possibly in Illinois as well) by 
drought resulted in the replacement 
over a large area of horticultural 
groups by semi-nomadic hunting 

| economies, with basically similar 
cultural complexes. 

The spread of the bison which has 
been assumed here seems to be indi¬ 
cated by several bits of evidence. 
The lateness of arrival in Illinois 
appears substantiated by the archae¬ 
ological occurences of bison remains. 
The sites which belong to the Upper 
Mississippi horizon are without ex¬ 
ception located in the northern part 
of the state, which constitutes an 
extension of open prairie similar to 
that found in Iowa and eastern 
Nebraska. This prairie is ecolog¬ 
ically identical with the Plains, 
which formed the natural habitat of 

the bison. Why the bison did not 
enter this region in earlier times is 
a problem which can only be raised 
and not answered at present. Pos¬ 
sibly the droughts on the Plains 
forced the bison to migrate to ad¬ 
jacent regions which might offer 
better grazing. 

CONCLUSION 

In summary, the following tenta¬ 
tive conclusions may be drawn. The 
bison appeared east of the Mississ¬ 
ippi in large numbers no earlier 
than 1600 and became extinct in this 
area by 1800. The cause of this mi¬ 
gration is probably to be found in a 
period of drought which forced the 
bison to seek better grazing land. 
The same period of drought may 
well have been responsible for the 
partial abandonment of horticulture 
by the aborigines at this same time. 
The cultural manifestations which 
emerge in this protohistoric period 
are closely related in the Plains and 
in the Illinois prairie land. This 
similarity may be interpreted as the 
result of the adoption of a common 
type of mixed horticultural-bison 
hunting economy, with the diffusion 
from the Plains of a culture complex 
built around this economy. The 
spread of this Plains culture into 
Illinois was facilitated by the dis¬ 
ruption of the settled horticultural 
economy of the preceeding period. 
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DEVELOPMENT OF SEEDS AND EMBRYOS IN PINUS 

PONDEROSA, WITH SPECIAL REFERENCE 

TO SEED SIZE 

J. T. BUCHHOLZ and MARY L. STIEMERT 

University of Illinois, Urlmna 

INTRODUCTION 

This investigation was begun in 
the summer of 1942 while the senior 
author was a visiting investigator 
at the Placerville Laboratory of the 
Institute of Forest Genetics. The 
material discussed in the first part, 
concerning seed size and cone size, 
was all obtained and tabulated at 
Placerville, California. Toward this 
part of the investigation the Insti¬ 
tute furnished considerable help at 
the time of collection, in the climb¬ 
ing of trees and opening of the 
cones, including the time of a num¬ 
ber of persons during several days. 
The dissections and measurements 
on the embryos of three of the trees 
(15-43, 3-14, 3-57) were also com¬ 
pleted at that time. The data for 
tree 3-56 were obtained in part. The 
junior author has completed addi¬ 
tional dissections and measurements 
on the seeds of tree 3-56 and all of 
the data on embryos of trees 3-40 
and 3-52, work which was carried 
out at the University of Illinois on 
the seeds preserved in 1942. It is 
therefore appropriate to express 
thanks to the Institute for the facili¬ 
ties of their laboratories and for the 
cooperation of Mr. W. C. Cumming 
and many others employed at the 
Institute, which made this investiga¬ 
tion possible on a scale that included 
more than 100 seed cones. 

The western yellow pine, Pinus 
ponderosa, Lam., is an important 
timber tree occurring throughout 
the western part of the United 
States, from the Black Hills, Great 
Plains, and Rocky Mountains to the 
Pacific Coast. The Californian form 
of this tree is typical of this species 
and is more robust than the variety 
scopulorum Engelm. which occurs 
in the Rocky Mountains east of the 
Sierras. This latter variety is very 
similar to the typical form of the 
species, but somewhat smaller in all 
of its parts. The variety scopulor¬ 
um may therefore be expected to 
have seeds that would average some¬ 

what smaller. 
In California, where this investi¬ 

gation applies, the ponderosa pine 
has a wide distribution. On the west 
slope of the Sierra Nevada, the 
species is noted for its wide altitudi¬ 
nal range. The Institute of Forest 
Genetics has experimental plots near 
Sacramento at altitudes of 185 and 
350 feet with many other plots dis¬ 
tributed between these and the sta¬ 
tion at Placerville which is at 2740 
feet. Eastward, the trees occur at 
elevations up to 6,900 feet near 
Lake Tahoe. There are not many 
species of plants that occupy a 
larger area of distribution both geo¬ 
graphic and altitudinal. 

Within the area of a single site, 
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trees may be found that possess 
cones more than 5 inches long where¬ 
as in other trees the cones may be 
less than three inches in length. 
There has been an impression, sup¬ 
ported by a few records in the litera¬ 
ture, that large cones usually possess 
large seeds and that small cones 
usually have small seeds, but there 
seemed to be no records based upon 
individual cones. By the methods 
usually employed in harvesting the 
seed crop, the cones of all sizes from 
the same tree are massed together. 
There are many records at the In¬ 
stitute showing that large, medium, 
or small seeds have been obtained 
from individual trees, but it was not 
possible to know how much correla¬ 
tion may be found among seeds from 
cones of various sizes coming from 
a single tree. In connection with an 
effort to obtain embryos in develop¬ 
ing stages from large vs. small seeds 
it happened that a large number of 
cones were harvested and measured 
during the early part of August 
1942. The seeds of these contained 
embryos that were only about half 
developed, but the cones and their 
seeds had grown to their ultimate 
size more than a month earlier. The 
seeds possessed stony seed coats and 
could be handled in the same man¬ 
ner as fully ripe seeds, except that at 
this stage the cones had to be cut 
open by hand, the seeds carefully re¬ 
moved, sorted for size and kept from 
drying out. 

Pine seeds, like those of most gym- 
11 osperms, are full grown at the time 
of fertilization. Fertilization oc¬ 
curs in nearly all pines 13-14 months 
after pollination. They are consid¬ 
ered biennial, since two growing sea¬ 
sons are required to mature a seed 
crop. The only known exceptions to 
this are a few triennial species, for 
example Pinus pinea L. from north¬ 
ern Italy and Pinus leiophylla 
Sclilecht. and Cham, from southern 

Mexico, which are not closely related 
taxonomically. These require about 
25-26 months between pollination 
and fertilization. 

The cones of biennial pines en¬ 
large only slightly after pollination 
during the first season and remain 
small throughout the ensuing 
winter. With the opening of the 
buds in the following spring these 
year-old conelets experience their 
grand period of growth, enlarging 
rapidly to their full size within a 
period of less than six weeks. Hence 
the cones are full grown, though still 
somewhat succulent at the time of 
fertilization about the end of June 
or early in July; a month later the 
cones have become hard and woody, 
and they may remain green for 
weeks after the seeds are fully ma¬ 
tured. 

After fertilization there is no ap¬ 
preciable increase in the size of the 
ovules or seeds so that a seed in 
which fertilization has failed to take 
place remains as a full sized empty 
seed, in which the stony seed coat 
may be as fully developed as in a 
sound seed. Morphologists who have 
prepared pine ovules for microscopic 
examinations know that the seed 
coats begin to become so stony a few 
days after fertilization that it is 
very difficult, sometimes impossible 
to cut sections without first remov¬ 
ing the seed coat in preparation for 
killing* and fixing material that is to 
be sectioned. 

The present study is concerned 
with seeds about a month or six 
weeks after fertilization, when the 
embryos, now about half developed, 
are beginning to differentiate stem 
tips and cotyledons. Since the seed 
coats had become fully thickened 
and hardened the seeds could be 
graded rapidly by passing them 
through screens of known gauge. 

More than 25 years ago, the senior 
author (3) described the embryo- , 
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geny of pine. This study was based 
upon the Jack pine and the Austrian 
pine. Since that time the embry¬ 
ology of more than 24 different spe¬ 
cies of pines, representing nearly all 
sections of the genus, has been ex¬ 
amined. All of them agree in the 
essentials of embryological develop¬ 
ment. All pines have cleavage poly- 
embryony (6). Eight embryos may 
result from each egg that is fertil¬ 
ized. The numerous embryos remain 
small for about 3-4 weeks. They 
compete in their development until 
one of them gains supremacy, shown 
by its larger size and forward posi¬ 
tion. This selected embryo enlarges 
to form the embryo with stem tip 
and cotyledons, which remains in the 
seed at maturity, while the great ma¬ 
jority of the other similar embryonic 
units grow more slowly and finally 
cease to grow altogether, seldom 
reaching the stage in which these 
organs appear. 

The stages of the embryos desired 
for the present investigation were 
these later ones, near the time when 
the root, stem tips, and cotyledons 
are forming, or have become fully 
differentiated. At this time the sur¬ 
viving embryos are growing rapidly. 
These stages were made the subject 
of a special study described in the 
later portion of this paper. The re¬ 
sults of the first part of this study 
deal chiefly with the relation of seed 
size to the size of the cone and with 
records as to the proportion of sound 
seeds and empty ones that could be 
detected at this time. 

From the standpoint of seed size 
there is little difference whether the 
seeds are collected in August or in 
October when the seeds are ripe. It 
is likely that dry ripe seeds would 
tend to be slightly smaller due to 
loss of imbibitional water. Certainly 

1 they would not be larger. The en¬ 
dosperm which surrounds the em¬ 

bryo throughout its period of de¬ 
velopment would be filled with food 
reserves so they may be heavier at 
ripeness. 

The trees used were marked seed 
trees, most of them situated near the 
site of Sportsman’s Hall, eleven 
miles east of Placerville along U. S. 
Highway 50 at an elevation of 3700 
feet. The seeds from several other 
trees were included, one from the 
grounds of the Institute of Forest 
Genetics at an elevation of 2740 feet, 
also a few trees from another site 
32 miles east of Placerville at an ele¬ 
vation of 4100 feet. Some of these 
seed trees were so tall that cones 
could be reached only by climbing 
with rope; others were small enough 
so that the most of the cones could 
be reached with little climbing or 
from the ground. Kecords of the 
Institute had indicated that large, 
medium or small sized seeds had 
been obtained from these particular 
trees that had been selected and 
marked with numbers, in investiga¬ 
tions several years earlier involving 
certain progeny tests carried out at 
the Institute. 

In general the seeds were found to 
belong to the size groups that had 
been recorded previously from the 
trees. Pollination of the trees in the 
previous season had been fairly suc¬ 
cessful. There were a few cones that 
showed some insect damage. This 
was only a fair cone year in ponde- 
rosa pine; it was not one of the best 
cone years. The cones of 1942 were 
much better than in the year 1944, 
when many of them were heavily in¬ 
fested with seed chalcids—Megas- 
tigmus albifrons Walk. The seeds 
of open wind-pollinated cones of tree 
4B-56 were so badly infested with 
this insect in 1944 that no healthy 
seeds with embryos were found; 
only a few in the cones covered by 
bags. 
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The screens used in separating the 
seeds mechanically were standard 
screens employed as interchangeable 
parts in a small separator of the 
kind used for cleaning seeds at ex¬ 
periment stations. These screens 
consisted of framed metal sheets 
with round openings of various sizes 
ranging from No. 7 to 20, in which 
the number indicates the diameter 
of the openings in steps of 64th of 
an inch. Thus the openings of No. 
14 screen are 14/64ths of an inch in 
diameter, a No. 14 seed is one that 
will pass through this opening but 
not through the smaller No. 13 
screen with 13/64th inch openings. 

The sizes of these openings, con¬ 
verted into metric units are as fol¬ 
lows: No. 10 openings are 3.97 mm. 
in diameter; No. 11 = 4.37 mm.; 
No. 12 she 4.76 mm.; No. 13 = 5.16 
mm.; No. 14 — 5.56 mm.; No. 15 = 
5.95 mm.; No. 16 = 6.35 mm.; No. 
17 — 6.75 mm. ; No. 18 =7.14 mm. 

1. RELATION BETWEEN CONE SIZE 

AND SIZE OF SEED 

The following tables give the re¬ 
sults of this study tabulated accord¬ 
ing to cone length. Defective seeds 
that were discarded (some of them 
only partially enlarged, others full 
sized, but obviously defective) were 
recorded in the columns to the right. 
The partially enlarged ovules be¬ 
came aborted before fertilization. 
There were still many ovules that 
had not begun to enlarge, which are 
disregarded. As is well known, the 
maximum potential output of 2 
seeds per scale is not attained. Other 
obviously defective or insect dam¬ 
aged seeds even if they were full 
grown, were discarded and appear 
only in the column at the right, not 
among the seed output of the cones. 

Each size of seed from the same 
tree was placed in preservative for 
future study. This preserving solu¬ 

tion (FAA) contained about 50 per¬ 
cent alcohol. In this lower specific 
gravity the sound seeds sank where¬ 
as many defective empty seeds usu¬ 
ally floated and could be separated 
easily, with a cutting test applied 
whenever in doubt, so that there 
would be no error in unintentionally 
discarding seeds with embryos. How¬ 
ever among the heavier seeds there 
were still many that were found to 
be defective upon dissection in later 
studies. The discarded floating 
seeds, not separated individually by 
cones are shown as without embryos ? 
below, in the column showing indi¬ 
vidual seeds sizes. Where seeds were 
actually dissected later, this correct¬ 
ed entry of seeds without embryos j 
was made for the total seeds of some 
of these trees. The embryos of the 
seeds of some of these trees still re¬ 
main to be dissected. The first num¬ 
ber of the tree is the plot number, 
the second the individual tree num¬ 
ber. Thus 3-14 is tree No. 14 in plot 
3. 

In connection with the dissections 
of the embryos from the seeds, a 
number of these seeds were meas¬ 
ured individually with micrometer 
calipers for length. It was found 
that each size class included seeds of 
the same length as others in the 
nearest size class, but the mean 
lengths were distinct. Measurements 
on 20 No. 10 seeds from tree 15-43 
gave a mean length of 5.21 mm.; 14 
No. 11 seeds gave a mean length of 
5.75 mm.; 37 No. 12 seeds gave a 
mean length of 6.18 mm.; 42 No. 13 
seeds gave a mean length of 6.64 
mm.; 26 No. 14 seeds gave a mean 
length of 6.97 mm.; 15 No. 15 seeds 
gave a mean length of 7.01 mm. 
The last group of No. 15 seeds is 
probably not representative of this 
size class since this group, near the 
upper limit, did not include many of 
the largest seeds that would pass 
through No. 15 openings. 
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Another set of seed samples was 
measured from tree 3-38. These 
seeds were somewhat longer, especi¬ 
ally in the larges sizes. Measure¬ 
ments of 20 No. 12 seeds gave a 
mean length of 6.89 mm.; 32 No. 13 
seeds gave a mean length of 7.41 
mm.; 34 No. 14 seeds gave a mean 
length of 8.31 mm., 40 No. 15 seeds 
gave a mean length of 8.74 mm.; 34 
No. 16 seeds gave a mean length of 
9.16 mm.; 30 No. 17 seeds gave a 
mean length of 9.30 mm.; 20 No. 18 
seeds gave a mean length of 9.67 
mm. The standard deviation of each 
size class might seem of interest, yet 
this calculation throughout the 
series does not seem justified. This 
value would be relatively large and 
nearly the same for all seed sizes. 
The standard deviation of length for 
No. 15 seeds of tree 3-38 is 0.37 mm. 

It has been the belief of many that 
seed size is an indication of vigor in 
the plant that results from the seed. 
Records, such as those of Eliason 
and Heit (8) indicate this, but the 
differences are not significant by 
statistical standards. There can be 
no question about a large seed giving 
the seedling a better start than a 
small seed, others things being equal. 

A larger seed contains a larger 
embryo as well as more endosperm 
with stored food. Large seeds usu¬ 
ally germinate more rapidly and the 
seedlings grow faster in the first 
months. However other things, such 
as the inherent vigor of the embryo 
contained in the seed, are usually 
not equal. Righter (12) has shown, 
for example, that the seedlings pos¬ 
sessing greater inherent vigor due 
to their hybrid genetic constitution 
will soon outgrow the non-hybrid 
seedlings even if they originate from 
a smaller seed. 

It may be pointed out here that 
while the seeds of some angiosperms 
may actually become larger when 
they contain a more vigorous em¬ 

bryo than other seeds with less vig¬ 
orous embryos, the situation is dif¬ 
ferent in gymnosperms. In pines 
for example the seeds are full grown 
before fertilization takes place. They 
have hardened stony seed coats long 
before the embryo is visible to the 
naked eye and cannot yield to the 
growth pressure or other stimulus 
of a more vigorous embryo. As 
pointed out in the opening para¬ 
graphs, the abortive seeds in which 
fertilization has not taken place may 
be fully as large as those which are 
healthy seeds. 

Most of these collections of cones 
were made at random—trees 3-6, 
3-8, 3-10, 3-14, 3-38, 3-52, 3-55, and 
3-56. The trees themselves were 
selected because they had been used 
in previous investigations and rec¬ 
ords of the size of the seeds were 
available, but the cones selected 
from these trees were taken by 
chance. 

The large cones of trees 3-38 (m= 
5.36 inches) and 3-40 (m = 4.62 in.) 
yielded large seeds; those of trees 
3-7 (m == 3.87 in.) 3-52 (m = 4.08 
in.) and 3-55 (m == 4.08 in.) yielded 
small seeds. However tree 3-8 with 
large cones (m = 5.25 in.) had 
medium sized seeds, very compar¬ 
able to tree 4B-53 in which cones 
were only 3.37 inches long. To the 
extent that this limited survey shows 
anything, there are indications that 
seed size and cone size are not very 
closely correlated and that individ¬ 
ual trees differ. Some of the largest 
seeds were taken from tree 3-14 hav¬ 
ing a mean cone length of only 4.34 
inches. This was a tree that had 
been classified as large seeded in 
previous years. Unless the mean 
length of cones changes gradually 
with the age of the tree, one may 
expect this tree to have cones of 
medium length with large seeds in 
future years, and that the large 
cones of tree 3-38 will continue to be 
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large and have large seeds. No doubt 
in certain years, the cones of all 
trees, probably also the seeds, would 
fall below their respective means or 
go higher, since seasonal conditions 
may affect all trees adversely or 
favorably. 

Some of the trees such as 3-3 and 
3-55 failed to show any correlation 
of seed size with cone size. Tree 3-40 
appears to show a trend in the op¬ 
posite direction, with a larger pro¬ 
portion of the larger seeds in the 
smallest cones. However tree 3-14 
shows a definite trend in having 
more large seeds in the largest cones 
that were measured. The majority 
of the trees showed a similar trend. 

From the literature on the subject 
there are a number of records that 
show the same general condition. 
Eliason and Heit (8), Munns (11) 
and several other investigators cited 
by Baldwin (2) indicate that large 
cones tend to have larger seeds than 
small cones, in pines and other coni¬ 
fers. In comparing the results of 
these records, one would come to be¬ 
lieve that the tendency to find large 
seeds in large cones is less marked in 
Finns ponderosa than in other 
species. 

The records of Aldrich-Blake (1) 
give the weight distribution of the 
seeds from the cones of the Corsican 
pine—a variety under Finns nigra 
Arn. In the examples from Ald¬ 
rich-Blake, especially those tabu¬ 
lated by Righter (12), cones 3.5-4 
cm. long have seeds ranging in 
weight from 6-7 milligrams to 16-17 
mg., while the cones (from the same 
tree) that were 7-7.5 cm. long had 
seeds weighing between 11-12 and 
28-29 mg. The mode of the seed 
weight in the small cones was 10-11 
mg.; that of the large cones 22-23 
mg. This is probably the most ac¬ 
curate record available for compari¬ 

One may gain an approximate j 
basis of comparison by calculating j 
the relative weights of the seeds on i 
the basis of their volume. A pine 
seed is a flattened ovoidellipsoid. It 
is known from solid geometry that 
the volume of a series of similar 
bodies is proportional to the cube of j 
any of the homologous dimensions, 
such as the length, width or thick¬ 
ness. Hence, the volumes of seeds of ; 
similar shape in a series of sizes may 
be compared. If the volume of No. ; 
10 seed is taken as unity, that of No. j 
12 is 1.7 times the volume of a No. | 
10 seed, that of No. 16 is 4.14 times j 
and a No. 18 seed is 5.85 times that i 
of a No. 10 seed. Aldrich-Blake’s 
largest seeds are slightly more than ■ 
four times as heavy as his smallest 
seeds. The range of sizes included | 
in the weight classes which he gives | 
are therefore equivalent to the range j 
between No. 10 and No. 16 seeds; j 
they are slightly below the range j 
between No. 11 and No. 18 seeds 
shown by tree 3-38. 

These comparisons are all relative, j 
The actual sizes of the seeds of Finns | 
nigra ranged between No. 8 and No. j 
11 on trees which we have had oc¬ 
casion to measure with screens, and 
it is likely that the precise variety j 
of this species differed. However 
the seeds of P. nigra have a slightly 
different shape from those of P. 
ponder sosa; they are somewhat 
longer in proportion to the width. 

The corresponding differences in 
sizes of the cones of all of the series | 
Finns ponderosa is less than that j 
shown for the Corsican pine. This 1 
comparison seems to show that our j 
seeds include a range of seed sizes 1 
from single trees with about the 
same spread as the data of Aldrich- 
Blake, about two of whose lowest 
weight classes would be equivalent 
to the steps between No. 10 and 11 
seeds while about 8-10 or more of his son. 
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higher weight classes would be in¬ 
cluded in the size range between 
Nos. 15, 16, and 17 seeds. 

McIntyre (9) has described the 
sizes of the cones matured in 1927 in 
Pinas pangens on trees of various 
ages, including some of the first 
cones, matured on a tree 7 years old; 
others from trees having ages at in¬ 
tervals of several years up to 18. His 
tabulation shows, aside from the 
number of seeds per cone scale, their 
distribution within the cone and the 
number of abortive seeds. The 
length of the cones varies from tree 
to tree in this particular year and the 
number of viable seeds appears to 
be closely correlated. Although Mc¬ 
Intyre gives nothing concerning the 

j sizes of the individual seeds from the 
different cones with which our data 
on seed size may be compared, his 
record includes the data on the total 
number of viable seeds from an un¬ 
interrupted series of the serotinous 
cones of this species produced over 
a 9 year period. This record seems 
to bear out the thesis that over a 
period of years the size of the cone 
and seed yield on a given tree re¬ 
mains about the same in spite of 
wide fluctuations in certain years 
which might be recorded in other 
species as good or bad cone years. 

The cones of any given tree ap¬ 
pear to show some correlation be¬ 
tween cone size and seed size. The 
range in sizes of cones from individ¬ 
ual trees in the first set of random 
collections were not great enough to 
provide desirable extremes for 

* studies of cone and seed sizes in in¬ 
dividual trees, though they show 
definite trends as indicated above. 
Consequently another collection was 
made a few days later, at a higher 
altitude, so that the embryos would 
also be found in the desired stages 
for study. These are shown in trees 
15-43 and 15-78 from trees at 4100 
feet. Here an effort was made to 

include the widest possible range in 
the sizes of the cones. From tree 
15-43 there were cones 2.6-5 inches 
long; from tree 15-78 they were 5-6 
inches long. Here several small 
cones less than 4 inches long had a 
large increase in seeds of the small¬ 
est sizes, a very large proportion of 
which were without embryos. How¬ 
ever the largest cones from tree 
15-78 did not contain seeds that were 
as much larger than the average as 
their large size would suggest. 

The small amount of definite data 
shown here would seem to justify 
the conclusion that on a given tree 
the large cones would probably have 
larger seeds than the small cones. 
Between different trees of Pinas 
ponderosa, the largest seeds may be 
found in large cones or cones of 
about average size, seldom in the 
smallest, while the smallest seeds 
may be found in cones of aver¬ 
age size or in the smallest cones, but 
usually not in the largest. 

Complete records similar to those 
of McIntyre, Aldrich-Blake and 
those we are presenting in our tables 
serve to show the extreme complex¬ 
ity of the problems of seed produc¬ 
tion in pines. Pollination must be 
fairly good or the conelets will drop 
off in the first year, but even if they 
are retained and enlarge in the sec¬ 
ond season many of the ovules may 
fail to enlarge to form seeds. Pre¬ 
sumably, these were not pollinated, 
but this early abortion of half grown 
ovules may include some that re¬ 
ceived pollen which failed in germ¬ 
ination. If the ovules become full 
grown fertilization may still fail in 
many of them. These remain as full 
sized empty seeds. If fertilization 
actually takes place there are many 
embryos that compete with each 
other for about a month. Finally 
those that form cotyledons in the 
embryos about a month or 6 weeks 
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old may develop fully as embryos of 
seeds. Then and then only does the 
viable seed arrive, provided that the 
season is not too short, as in very 
high altitudes, so that the embryos 

may reach sufficient maturity with¬ 
in the seeds to germinate. Through¬ 
out the period of development of 
the embryos there may be other 
losses through death of the embryos. 

Table 1.—Sizes of Seeds of Pinus ponderosa 

Tree 3-56, collected Aug. 5, 8 and 12. Elevation 3700 ft. 

Seed sizes by screen openings1 Half 
grown 

Cone length (in.) 
10 11 12 13 14 15 16 17 Total 

and 
defective 

m =3.28 
3 3 16 14 33 10 
3 53 10 2 65 5 
3 . 11 18 2 31 17 
3 . 5 30 22 3 60 4 
3 12 .. 12 18 5 35 26 
3 25 45 28 73 0 
3 25 . 8 29 9 46 4 
3 25 14 20 4 38 13 
3 25 . 5 11 27 14 4 61 11 
3 25 . 4 27 19 50 13 
3 37 2 9 22 9 42 16 
3 37 35 51 86 6 
3 50 .... 8 41 27 76 10 
3 50 5 23 34 2 64 12 
3 63 • • 4 15 48 40 107 0 
3 75 6 40 34 2 82 20 
Not mpnsnrpd 9 30 11 50 0 

Total 14 271 457 240 17 999 
Nr* pm hr vos tlpssl 9 112 198 88 7 405 40% 
Net good seeds . 5 159 259 152 10 494 60% 
Embs dissected. 5 94 144 62 0 (Not all dis¬ 

sected) 

1 Screen sizes in millimeters : 
No. 10 = 3.97 No. 12 = 4.76 

11 = 4.37 13 = 5.16 
No. 14 = 5.56 

15 = 5.95 
No. 16 = 6.35 

17 = 6.75 
19=7.14 

Tree 3-52, collected Aug. 5, 1942. Elevation 3700 ft. 

m =4.62 
4.0. 
4.5. 
4.62. 
4.75.. 
4.87. 
5.0. . .. 

Total. 
No embryos. . . 
Good seeds.... 

18 
5 
2 

14 
3 
2 

44 
38 

6 

22 
21 

9 
22 
14 
12 

100 
78 
22 

31 
8 
3 

72 
15 

129 
89 
40 

40 
57 
19 
39 
95 
31 

281 
212 

69 

31 
12 
22 
74 

5 
34 

75% 
25% 
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Table 1.—Sizes of Seeds of Pinus ponderosa—Continued 

Tree 3-10, collected Aug. 5, 1942. Elevation 3700 ft. 

Seed sizes by screen openings1 Half 

Cone length (in.) 
10 11 12 13 14 15 16 17 18 Total 

and 
defective 

m =4.57 
3.87. 30 21 5 56 16 
4.0. 1 23 23 9 56 4 
4.5. 32 57 16 105 12 
4.75. 8 37 48 1 94 6 
5.0... 7 43 32 82 6 
5.25. 13 46 35 94 0 

Total. 1 113 227 145 1 487 
No embryos. 9 33 20 62 13% 
Presumed good seeds.. 1 104 194 125 1 425 87% 

Tree 15-43, collected Aug. 15, 1942. Elevation 4100 ft. 

m =3.94 
Small, not measured .. 4 25 36 8 73 0 
2.62. 53 10 3 66 11 
3.0. 11 21 20 3 55 12 
4.0... . ............ 4 10 13 7 34 29 
4.5. 1 22 23 5 51 25 
4.5. 21 22 6 49 16 
5.0. 3 38 27 11 79 31 

Total. 64 35 56 130 93 29 407 
No embryos. 52 23 29 46 46 15 211 51% 
Good seeds. 12 12 27 84 47 14 196 

'J L /o 
49% 

Tree 15-78, collected Aug. 15, 1942. Elevation 4100 ft. 

m = 5.56 
5.0. 2 0 9 3 14 56 
5.0. 1 7 23 1 1 33 52 
5.62. 2 0 16 12 2 32 10 
5.75. 2 15 18 3 38 10 
6.0. 1 5 11 5 22 55 
6.0. 3 5 21 1 30 67 
6.1. .. 2 12 12 7 33 } 

Total. 11 34 110 37 10 202 
No embryos. 8 16 52 19 6 101 50% 
Presumed good seeds . 3 18 58 18 4 101 

/o 
50% 
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Table 1.—Sizes of Seeds of Pinus ponderosa—Continued 

Tree 3-38, collected Aug. 5, 8, and 12, 1942. Elevation 3700 ft. 

Seed sizes by screen openings1 Half 
grown 

Cone length (in.) 
10 11 12 13 14 15 16 17 18 Total 

and 
defective 

m = 5.36 
5.0. 3 19 48 27 7 4 108 31 
5 0. 5 12 35 23 75 41 
5.12. 1 4 6 30 53 3 97 13 
5.25. 1 7 15 34 28 ’ 2 87 
5.25. 3 12 24 37 29 4 109 16 
5.25. 1 5 19 26 49 24 4 128 14 
5.25. 2 0 9 24 55 29 7 126 16 
5.25. 2 2 12 33 35 24 3 111 11 

5 37. 3 3 13 36 34 18 107 31 
5.37. 4 8 23 31 24 9 99 17 
5.37. 1 1 11 35 39 6 ' V 100 30 
5 50 7 25 38 26 96 16 
5 75 2 19 23 26 18’ 88 17 

Total. 5 22 88 229 406 393 161 27 1331 
No embryos 1 7 70 32 47 34 6 197 15% 
Presumed good seeds. 4 14 18 197 359 359 155 27’ 1134 85% 

Tree 3-7, collected Aug. 5, 1942. Elevation 3700 ft. 

Seed sizes by screen openings1 Half 
grown 

Cone length (in.) 
10 11 12 13 14 15 16 17 Total 

and 
defective 

m =3.87 
3 5 4 19 13 36 6 

3 75 4 20 21 45 33 

3 75 6 13 3 22 5 

3 75 6 24 1 31 28 

4 0 1 16 19 36 11 

45 . 3 5 31 10 49 21 

Total 18 79 111 11 219 

No embryos 2 22 16 1 41 19% 

Good seeds 16 57 95 9 178 81% 
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Table 1.—Sizes of Seeds of Pinus ponderosa—Continued 

Tree 3-40, collected Aug. 5, 1942. Elevation 3700 ft. 

Seed sizes by screen openings1 Half 
grown 

Cone length (in.) and 
10 11 12 13 14 15 16 17 Total defective 

m =4.63 
4 . 2 6 4 10 6 1 29 10 
4.5. 2 5 15 15 9 2 48 19 
4.5. 3 18 29 21 53 33 
4.5. 5 34 23 1 59 6 
4 63. 6 9 23 21 59 28 
4 75 . 3 7 9 33 7 59 11 
5.0. 1 18 25 10 2 56 15 
5.25. 1 0 > 7 25 25 17 75 30 

Total. 6 15 69 159 136 52 1 438 
No embryos. 6 9 24 80 59 22 1 201 41% 
Good seeds. 0 6 45 79 77 30 0 237 59% 

Tree 3-14, collected Aug. 1 and 5, 1942. Elevation 3700 ft. 

Cone length (in.) 

Seed sizes by screen openings1 Half 
grown 

and 
defective 10 11 12 13 14 15 16 17 18 Total 

m =4.37 
3.5 . 7 10 9 26 14 
3.75 . 20 25 10 5 60 9 
4.5. 4 12 22 12 14 64 ? 

4.75. 1 12 19 16 12 60 15 
5.37. 5 34 33 17 ’ G 95 49 
Not measured. 1 1 6 8 4 2 22 35 
Not measured. 3 24 17 5 49 31 

Total. 5 21 78 131 94 41 6 376 
No embryos. 3 7 33 63 38 13 1 158 42% 
Good seeds. 2 14 45 68 56 28 5 218 58% 

Tree 3-3, collected Aug. 12, 1942. Elevation 3700 ft. 

m =5.3 
5.0. 2 

5 
22 
23 
48 

33 
43 
22 

22 
6 

10 

2 81 
77 
81 

7 
22 

3 
5.25. 
6.25. 1 

Total . 7 93 98 38 3 239 
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Table 1.—Sizes of Seeds of Pinus ponderosa—Concluded 

Tree 3-55, collected Aug. 5, 1942. Elevation 3700 ft. 

Seed sizes by screen openings1 Half 
grown 

Cone length (in.) 
10 11 12 13 14 15 16 17 18 Total 

and 
defective 

m = 4.08 
3.62. 6 1 4 3 14 3 
4.0. 6 22 13 41 23 

15 
20 

4.0. 1 1 3 2 7 
4.12. 9 20 21 50 
4.37. 3 5 28 36 21 
4.37. 8 11 40 3 62 25 

Total. 33 60 109 8 210 
No embryos. 25 29 87 7 148 70% 

30% Presumed good seeds.. 8 31 22 1 62 

Tree 3-6, collected Aug. 5 and 8, 1942. Elevation 3700 ft. 

m = 4.8 
4.0... . 3 5 5 2 1 16 44 
4.0. 1 2 9 5 2 19 14 
4.37. 4 3 6 11 5 29 39 
4.5. 1 5 18 15 3 42 18 
4.5. 1 14 12 5 32 19 
4.5 . 10 15 10 2 37 30 
4.75 . 3 7 9 3 22 76 
4.75 . 2 5 5 2 14 50 
4.75 8 15 3 26 56 
4.87. 1 3 10 10 1 25 18 
4.87 1 11 12 8 32 29 
5.0. 2 14 12 8 2 38 45 
5 25 4 6 11 18 10 2 51 24 
5 25 2 15 8 6 2 2 35 34 
5.37. . 1 5 7 8 2 23 59 
5.37. 7 11 8 1 27 41 
5.5. 1 1 9 13 2 1 27 47 

Total. 12 44 128 159 120 27 5 495 
No embrvos (less) . 8 27 61 77 69 17 3 262 53% 
Presumed good seeds.. 4 17 67 82 51 10 2 233 47% 

Tree 3-8, collected Aug. 5, 1942. Elevation 3700 ft. 

m =5.25 
4.87. 1 5 79 6 91 2 
5.37. i 5 55 32 5 98 4 
5 50 8 43 54 9 114 7 1 

Total. 1 1 18 177 92 14 303 
No embryos. 10 67 18 3 98 32% 
Presumed good seeds.. 1 1 8 110 74 11 205 68% 
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Fig. 1.—Embryos and parts of suspensors in various stages (X 12). 

II. THE RELATION BETWEEN THE SIZE 

OF THE EMBRYO AT DIFFERENTIA¬ 

TION AND THE SIZE OF THE SEED. 

Previous investigations on the em¬ 
bryos of the pine (3, 6) have been 
concerned very largely with the 
early stages of the embryogeny, the 
period during which embryonic se¬ 
lection (5) occurs. The later devel¬ 
opment of the embryo was described 
only in its broad outline. Some of 
the stages concerned here have been 
known for many years. They were 
illustrated or briefly described long 
ago by Strasburger (15-16) and 
others. Stages III and IV as de¬ 
fined in this paper, were illustrated 
by rather crude woodcuts in Schlei- 
den’s textbook more than a century 
ago. In the second edition of Schlei- 
den (13) the illustrations of the em¬ 
bryo of a fir appears on page 373 
of Part 2; his fig. 225A is an embryo 
in stage III, B an embryo in stage 

IV. Bucliholz (3) in reviewing 
Schleiden’s and other early contri¬ 
butions pointed out that at an ear¬ 
lier stage than these stages the ple- 
rome of the root tip becomes recog¬ 
nizable internally, shown in sections 
of the embryo. The order of ap¬ 
pearance of these organs is: 1, root 
tip and root cap; 2, stem tip; 3, 
cotyledons. 

Figure 1 shows a series of embryos 
of the pine in successive stages of 
development, drawn closely to the 
same scale, with the stages desig¬ 
nated by the Roman numerals II- 
VIII. During stages I and II the 
embryo is composed of a cylindrical 
mass of dividing cells, rounded at 
the apex. At the base of the embryo 
successive layers of cells elongate to 
form a long suspensor of greatly 
elongated cells and the massive root 
cap that continues to give rise to ad¬ 
ditions to the suspensor. Only the 
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spherical area above the dotted line 
contributes to the embryo seen in a 
young seedling. 

Stage III is reached when the 
stem tip primordium becomes visible 
as a special bulge at the end of the 
larger dome that terminates the up¬ 
per end. This is the first change in 
the cylindrical embryo that is recog¬ 
nizable externally. As may be seen 
in the tables of measurements of em¬ 
bryos which follow, the actual di¬ 
mension when this stage is reached 
differs considerably, depending upon 
the size of the seed. Under a binocu¬ 
lar dissecting microscope this stem 
tip primordium has a striking ap¬ 
pearance, due to a greater translus- 
ceney at this point. 

Schopf (13) in his detailed his¬ 
tological study of the embryo of 
Larix has designated the stages as 
pro-stage, meta-stage etc. Stage I 
would be included in the meta-stage. 
The greater part of stage II belongs 
to his ana-stage, but it is not certain 
how closely the end point of stage I 
would correspond to the end of 
meta-stage or how much of the ana- 
stage would be included in stage II. 
Stage III begins in the later portion 
of the ana-stage while the remaining 
stages III-VIII all belong to the 
telo-stage. These externally recogniz¬ 
able stages therefore appear to paral¬ 
lel some of Schopf’s stages based up¬ 
on internal anatomy, and the two 
systems are entirely consistent. Our 
stages represent subdivisions of his 
stages, mostly of his telo-stage. It 
was found necessary in dissecting 
large numbers of embryos from 
seeds of different sizes, to define a 
progressive system of morphological 
growth stages that could be recogniz¬ 
ed quickly by means of critera vis¬ 
ible externally during dissection. 

Stage IV is reached when the 
circle of cotyledonary primordia 
may be observed surrounding the 
stem tip on the shoulder of the em¬ 

bryo. The number of these primor¬ 
dia may usually be counted by tilt¬ 
ing and rotating the embryo. As 
long as the cotyledons are small so 
that the stem tip protrudes beyond 
the length of the cotyledons the em¬ 
bryo is classified as belonging to 
stage IV. 

Stage V includes embryos in which 
the cotyledons and stem tip are 
equal in length. This condition is 
easily recognized under the dissect¬ 
ing microscope, and may require 
some exercise of judgment only if 
the embryo is slightly asymmetrical. 

Stage VI has cotyledons that are 
definitely longer than the stem tip, 
but less than twice as long. Usually 
the stem tip is still observable by 
tilting the embryo under the dissect¬ 
ing microscope even though this 
apical point is now overtopped on 
all sides by the cotyledons. 

Stage VII is a stage older and 
larger than Stage VI in which the 
cotyledons are long enough to hide 
the stem tip completely from view. 
The upper dotted lines in these 
stages of figure 1 show the position 
of the stem tip. Stage VIII differs 
from stage VII only in the size of 
the embryo and in the relative 
length of the cotyledons. These last 
two stages are therefore somewhat 
arbitrarily separated from each 
other as size classes. The mean di¬ 
mensions of stages VII and VIII 
might vary considerably in collec¬ 
tions made from the same tree on 
different dates with a week between. 
In seeds that are fully ripe all em¬ 
bryos would be expected to be in 
stage VIII. Hence as ripeness is 
approached the mean dimensions for , 
this stage would increase. On the 
other hand in seeds from cones that 
have a majority of their embryos in 
stages IV-VI the most mature em¬ 
bryos in some seeds belonging to 
stage VIII would fall far short of 
the dimensions observed later in the 
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ripe seeds. For this reason the em¬ 
bryos of stage VIII in some of the 
tables have been designated Villa. 

Not all trees were found to have 
the embryos in their seeds in the 
same stages of development on Au¬ 
gust 5, the first date on which many 
cones were collected. The seeds of 
several of the trees were already too 
mature to include many of the coty¬ 
ledon-forming stages. Some of these 
were sampled but the series was not 
dissected. The tables show that a 
few of the trees from which all em¬ 
bryos were dissected, were found to 
include too many embryos in the 
older stages. Other trees gave a 
very satisfactory distribution of 
stages in a single collection of cones 
obtained on the same or successive 
days. From several trees, in which 
sampling indicated that the embryos 
were mostly still in the earlier 
stages, a second collection was made 
5-6 days later. 

The advantages offered by the pos¬ 
sibility of recognizing morphological 
growth stages without resort to sec¬ 
tions are apparent, not only in the 
possibility of comparing steps of 
maturity in large seeds vs. small 
seeds, but also in comparing the em¬ 
bryos of different species or related 
genera of conifers. 

The embryos of the seeds of all 
sizes coming from six of the trees 
concerned in the first part of this 
paper were dissected out. These 
were classified as to their stage of 
development and measured under 
low magnification with an ocular 
micrometer. Two measurements 
were taken: diameter (d) of the em¬ 
bryonic cylinder near the widest 
part of its upper end (near the ple- 
rome apex in smaller embryos; 
across the cotyledons in the later 
stages) ; length (1) from the stem 
tip or tip of the cotyledons, which¬ 
ever is the longer, to the place where 
the suspensor begins. The suspensor 

consists of elongated cells while the 
adjacent root cap has small cells 
more nearly isodiametric. 

There were very many embryos 
that belonged to the same size of 
seed and to the same stage of devel¬ 
opment, of which the mean diameter 
and the mean length only was en¬ 
tered in the tables. The number of 
embryos belonging to each of these 
classes is indicated in the column 
showing frequency (f). Measure¬ 
ments were all converted to microns 
and may be considered accurate only 
to about 8 micron units where the 
frequency is only one. 

It was believed that the ratio of 
diameter to length (d/1) would be 
useful in these comparisons. These 
are shown in all of the tables and 
are interesting insofar as they reveal 
general tendencies in all of the em¬ 
bryos of certain trees to be more 
slender or more stout at any and all 
stages of development. The d/1 ratio 
is relatively high for the earlier 
stages and diminishes rapidly in 
early stages, more gradually as the 
embryos approach the condition of 
ripe seeds. Aside from the fact that 
differences in the d/1 ratio exist in 
the embryos of different trees, no 
other particular significance may be 
attached to this item at the present 
time. 

The embryos of stages in which 
the cotyledons have begun to form 
included counts of the cotyledons 
primordia or cotyledons. A few of 
the earliest sets of measurements did 
not include counts of the cotyledons; 
hence the frequency of the cotyle¬ 
don counts is below the frequency 
of the set of measurements of em¬ 
bryos in two of the trees. In all 
cases the cotyledon counts were ex¬ 
tensive enough to provide a satis¬ 
factory random sample, and are 
complete for the embryos of most of 
the trees. 

) 
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Before this investigation was un¬ 
dertaken, it had been assumed, spec¬ 
ulatively that an embryo might be 
expected to differentiate its stem tip 
and cotyledons when the embryonic 
cell mass reached a certain size or 
volume. This idea would suppose 
that conditions within the embryo 
determine the point at which differ¬ 
entiation would begin. 

The results of these tabulations 
have shown that this idea was erron¬ 
eous. They show clearly that even 
in these earliest stages of differen¬ 
tiation the embryo is very definitely 
influenced by the size of the seed. 

It is remarkable to find that the 
increase in size of the embryos fol¬ 
lows the increase in the size of the 
seeds so closely. There are some 
variations and irregularities as may 
be expected in all limited samples 
of biological material. The greatest 
digressions appear where individual 
embryos or small numbers of them 
are averaged as indicated by the 
frequency (f) for the class. 

There can be no doubt that the 
size of the female gametophvte en¬ 
ters into the size relationship of the 
embryo at the time of differentia¬ 
tion. The female gametophyte is 
formed long before the embryo and 
surrounds the latter at all times, 
serving as endosperm in the matured 
seed. However efforts to measure 
and evaluate the endosperm have 
failed thus far. No satisfactory 
method has been divised by which 
the differences and irregularities 
found may be shown. The difficulty 
is primarily one of measurement and 
a lack of knowledge of the precise 
history of this member in its growth 
and maturity within the seed, 
throughout the period of develop¬ 
ment. We must content ourselves 
with the knowledge that the game¬ 
tophyte or endosperm must also be 
limited by the size of the seed; rea¬ 
lizing that seed size must serve as 

the nearest indirect measure of the 
endosperm. 

When the embryos of stages III- 
VI are compared in the largest vs. 
smallest seeds, the volumes of the 
embryos are probably the important 
measure of differences. A few com¬ 
parisons have been made by calculat¬ 
ing the relative volumes of the em¬ 
bryos, which are from 2-4 times as 
large in the largest seeds as in the 
smallest. Estimates could be made 
of the relative volumes of the corre¬ 
sponding seeds, but their volumes 
appear to be from 3-5 times as large 
in the large seeds as in the small 
ones. There is enough agreement 
between these values to indicate that 
a very high correlation may be ex¬ 
pected, but not a perfect one, be¬ 
tween the volumes of the embryos 
dissected from large vs. small seeds 
and the volumes of the seeds them¬ 
selves. The entire series of data on 
the sizes of embryos in relation to 
seed size point to the conclusion that 
the size of the partially developed 
embryo during which its organs be¬ 
come differentiated is conditioned by 
Ihe size of the seed. The larger the 
seed, the larger the embryo becomes 
before its stem tip and cotyledons 
appear. 

The question of the cause of varia¬ 
tion in the number of cotyledons in 
pine embryos has always been one 
of interest to morphologists. A 
recent survey by Butts and Buch- 
holz (7) shows how these are known 
to vary throughout conifers. At one 
time the senior author (4) was con¬ 
cerned with this problem in the Jack 
Pine, the Black Spruce in Larix, 
Cedrus and a few other conifers. 
The conclusions reached, following 
the more formal morphology, indi¬ 
cated that in the ontogeny of some 
embryos, the cotyledon number is re¬ 
duced through fusion of small coty¬ 
ledonary primordia and sometimes 
through the abortion of some of 
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these primorclia. This was consid¬ 
ered a sort of recapitulation in the 
embryogeny which was interpreted 
as indicating that phylogenetically 
the number of cotyledons was re¬ 
duced from the large number shown 
in some pines to the smaller number 
shown in others. 

Many of these embryos showed 
similar evidence of fusion of coty¬ 
ledons in stages V and VI. How¬ 
ever, when it became apparent that 
another factor, seed size, has a much 
more profound influence on the size 
of the embryo at the time when the 
cotyledonary primordia first appear, 
this phase of the investigation was 
not pursued further. At best the ob¬ 
served evidence of fusions could not 
account for a reduction in the num¬ 
ber of cotyledons by as much as one 
seed leaf per embryo, while the dif¬ 
ferences due to seed size bring about 
differences in the number of cotyle¬ 
dons of about five per embryo. In 
any repetition of this type of investi¬ 
gation, one would need to take into 
account the size of the embryo and 
seed. 

The largest number of cotyledons 
observed in any embryos was 14, the 
smallest 6. The mean of the largest 
embryos in the largest seeds was 
12.2, and in the smallest embryos 
found in the smallest seeds it was 7.3 
—a difference of 5 cotyledons. 

The number of cotyledons is defi¬ 
nitely related to the sizes of the 
seeds, as shown in the tabulations of 
the embryos dissected from the 6 
trees studied. This condition is 
shown throughout the series. The 
mean number of cotyledons per em¬ 
bryo found in seeds of the same size 
in different trees is not precisely the 
same, but on any one tree the results 
are consistent when they are based 
on the means of more than a few 
embryos. 

The results actually show that the 
embryos which are the smallest at 

the time of differentiation have the 
smallest number of cotyledons, and 
these are found in the smallest 
seeds. The largest embryos have the 
largest number of cotyledons, and 
are found in the largest seeds. There 
is a variability throughout that is a 
well known characteristic of cotyle¬ 
don numbers. 

A small embryo at the time of dif¬ 
ferentiation of these organs would 
have a smaller circumference on the 
shoulder of the embryo surrounding 
the stem tip, so that a smaller num¬ 
ber of primordia could be formed. 
It is only in the largest seeds that 
the circle of this cotyledonary 
shoulder is large enough to accom¬ 
modate the 5 or more additional pri¬ 
mordia found in these. 

It follows from this that the stem 
tip primordium must be largest in 
the embryos which happen to de¬ 
velop within large seeds. This larger 
stem primordium would have more 
volume and be composed of a larger 
number of cells, when surrounded 
by a larger number of cotyledons. 
No doubt the more rapid initial 
growth in the seedlings coming from 
large seeds is due to a larger, more 
robust embryo as well as to a larger 
reserve food supply in the endo¬ 
sperm. That this difference is only 
of temporary advantage was shown 
by the work of Righter (12) in his 
comparison of the seedlings of hy¬ 
brid origin with the seedlings origi¬ 
nating from the wind pollination 
with both classes coming from seeds 
of equal weight. 

A practical question which would 
occur to foresters is whether or not 
any of the seeds collected for this 
series of observations would actually 
germinate. No experiments were 
carried out that would answer this 
question, which would probably de¬ 
pend upon the condition of the endo¬ 
sperm as well as the stage of the 
embryo. However our tabulations 
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of embryo maturity on certain dates 
may be compared with those of Maki 
(10), who made a series of records 
of seed germination in cones that 
were harvested prematurely in 
Idaho. None of the cones harvested 
in July contained seeds that would 
germinate. The cones from which 
he extracted seeds that would germ¬ 
inate were collected on August 6. 
These gave about 5 percent germina¬ 
tion. His seeds of August 16, gave 
about 50 percent germination while 
his later collections were somewhat 
better. There is good reason to sup¬ 
pose that seeds with embryos in 
stage VIII might grow, possibly 
some of those in stage VII. Our 
table showing the embryos of tree 

3-40, collected August 5, which had 
158 embryos in stage VIII might be 
expected to give 36 percent germina¬ 
tion, but tree 3-52 collected on the 
same day, with only 3 embryos in 
this stage might be expected to show 
only about 1 percent germination, 
about 11 percent if stage VII is in¬ 
cluded in the count of viable seeds. 

Our work shows therefore that 
among different trees growing on a 
given site there are differences in 
the degree of maturity of the em¬ 
bryos, when cones are harvested pre¬ 
maturely. Of course the altitude of 
the site would affect this, and in a 
comparison of seeds in Idaho and 
California would involve an allow¬ 
ance for latitude. 
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A CHECK LIST OF THE VASCULAR PLANTS OF 
JO DAVIESS COUNTY, ILLINOIS 

GEORGE D. FULLER 

Illinois State Museum, Springfield and 
Department of Botany, University of Chicago 

Jo Daviess County is situated at 
the northwestern corner of the State 
of Illinois in an angle formed by 
the boundary of the State of Wis¬ 
consin and the Mississippi River, 
and is unique in possessing the 
highest elevations in the state. Its 
irregular topography proves that 
the greater part of the county 
shows no evidence of glaciation but 
some moranic deposits are found 
along a narrow strip of its eastern 
boundary. Isolated hills, capped by 
Niagara limestone over Maquoketa 
shale, are scattered through the 
county, the most notable being 
Charles Mound and Benton Mound 
rising to heights of 1246 and 1226 
feet respectively. The bluffs of the 
Mississippi River are more than 150 
feet high while the secondary 
streams, flowing in a general south¬ 
westerly direction, have cut their 
channels deeply into the underly¬ 
ing limestone forming cliffs and 
canyons of considerable size. Those 
of the Galena and Apple Rivers are 
most notable. 

These topographic features have 
provided a great variety of habitats 
for a particularly rich and varied 
flora. Among these habitats the fol¬ 
lowing are noteworthy: the terraces 
of the Mississippi with its sand 
ridges, its sand prairies, and its 
alluvial flood plains; the river 
bluffs and limestone cliffs; the Ap¬ 
ple River Canyon with its dripping 
banks; the rolling hillsides with its 
upland forests; the non-glaciated 
plains with its high prairies (now 
occupied by pastures and corn¬ 

fields) ; the glaciated plains with its 
low prairies and swamps; the 
mounds with their dry hill tops; 
and the right of way of the rail¬ 
roads with its ruderals and its in¬ 
troduced plants all provide space 
for a flora of well above 1200 
species. 

The late Dr. H. S. Pepoon, whose 
boyhood was spent in this county, 
made the vegetation of the area 
familiar to the people of the state 
in several publications (1). He was 
largely instrumental in getting a 
portion of the picturesque valley of 
the Apple River set aside as the 
Apple River State Park. He made 
many collecting trips through all 
parts of the county, during both 
his earlier and his later years. Un¬ 
fortunately, his herbarium was de¬ 
stroyed by fire, but he kept detailed 
notes of his trips and his notebooks 
have been preserved. These have 
been made available through the 
courtesy of his daughter, Mrs. M. W. 
Buckley, and have been used in 
compiling this check list. Pepoon’s 
compilation seems to have been 
made about 1920 and apparently 
contains all his collections includ¬ 
ing the earliest. Doubtless some of 
the rare original species, not noted 
in recent years, have disappeared 
with the clearing of the forests and 
with the cultivation of the prairies. 

The species in this list have been 
checked against specimens in the 
herbarium of the University of Illi¬ 
nois at Urbana collected by Pepoon, 
Umbach, Moffatt, Jones and others, 
and against those collected by the 
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writer in the herbarium of the Illi¬ 
nois State Museum at Springfield. 
All in the Pepoon list have been 
found in these herbaria with the 
exception of those followed by an 
asterisk (*). 

The order of the families and 
genera and the nomenclature, with 
a very few exceptions, are those of 
the recently published Flora of Illi¬ 
nois by G. N. Jones (2). 

Ophioglossaceae 

Botrychium obliquum Muhl. 
Botrychium virginianum (L) Sw. 

Osmundaceae 

Osmunda claytoniana L. 

Polypodiaceae 

Woodsia obtusa (Spreng.) Torr. 
Cystopteris bulbifera (L.) Bernh. 
Cvstopteris fragilis (L.) Bernh. 
Pteretis nodulosa (Michx.) Nieuwl. 
Onoclea sensibilis L. 
Dryopteris hexagonoptera (Michx.) 

C. Ch. 
Dryopteris noveboracensis (L.) Gray 
Dryopteris thelypteris var. pubescens 

(Lawson) Prince 
Dryopteris marginalis (L.) Gray 
Dryopteris spinulosa (Muell.) Watt. 
Polystichum acostichoides (Michx.) 

Schott. 
Athyrium angustum (Willd.) Presl. 
Athyrium pycnocarpon (Spreng.) 

Tidestr. 
Athyrium thelypteroides (Michx.) Desv. 
Camptosorus rhizophyllus (L.) Link 
Pellaea glabella Mett. 
Cheilanthes feei Moore 
Pteridium aquilinum (L.) Kunh. 
Cryptogramma stelleri (Gmel.) Prantl. 
Adiantum pedatum L. 

Equisetaceae 

Equisetum arvense L. 
Equisetum fluvitile L.* 
Equisetum laevigatum A. Br. 
Equisetum prealtum Raf. 
Equisetum scirpoides Michx.* 
Equisetum variegatum Schleich. 

Lycopodiaceae 

Selaginella apoda (L.) Fern.* 
Selaginella rupestris (L.) Spreng. 

Isoetaceae 

Isoetes melanopoda J. Gay.* 

Taxaceae 

Taxus canadensis Marsh. 

Pinaceae 

Pinus strobus L. 
Juniperus communis L. var. depressa 

Pursh 
Juniperus virginiana L. 

Typhaceae 

Typha latifolia L. 

Sparganiciceae 

Sparganium americanum Nutt. 
Sparganium androcladum (Engelm.) 

Morong. 
Sparganium eurycarpum Engelm. 

Potamogetonaceae 

Potamogeton americanus C. & S. 
Potamogeton amplifolius Tuck. 
Potamogeton foliosus Raf.* 
Potamogeton friesii Rupr.* 
Potamogeton lucens L. 
Potamogeton natans L . 
Potamogeton pectinatus L. 
Potamogeton praelongus Wulf.* 
Potamogeton pusillus L. * 
Potamogeton zosteriformis Fern. 

Najadaceae 

Najas flexilis (Willd.) R. & S.* 

Alismaceae 

Alisma subcordatum Raf. 
Lophotocarpus calycinus (Engelm.) Sm.* 
Sagittaria latifolia Willd. 
Sagittaria rigida Pursh* 

Hydrocharitaceae 

Anacharis canadensis (Michx.) Planch. 

Gramineae 

Bromus ciliatus L. 
Bromus commutatus Schrad. 
Bromus inormis Leyss 
Bromus kalmii Gray 
Bromus purgans L. 
Bromus racemosus Schrad.* 
Bromus secalinus L.* 
Bromus tectorum L. 
Festuca elatior L.* 
Festuca obtusa Spreng. 
Festuca octoflora Walt. 
Festuca ovina L.* 
Glyceria borealis (Nash.) Batch.* 
Glyceria grandis Wats. 
Glyceria septentrionalis Hitchc. 
Glyceria striata (Lam.) Hitchc. 
Poa annua L. 
Poa chapmaniana Scribn.* 
Poa compressa L. 
Poa debilis Torr.* 
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Poa palustris L. 
Poa pratensis L. 
Poa sylvestris Gray 
Eragrostis capillaris (L.) Nees. 
Eragrostis cilianensis (All.) Link 
Eragrostis frankii Meyer 
Eragrostis hypnoides (Lam.) BSP. 
Eragrostis pectinacea (Michx.) Nees. 
Eragrostis pilosa (L.) Beauv.* 
Eragrostis spectabilis (Pursh) Steud. 
Diarrhena americana Beauv. 
Dactylis glonierata L. 
Phragmites communis Trin. 
Melica mutica Walt. 
Triodia flava (L.) Smyth 
Triplasis purpurea (Walt.) Chapm.* 
Agropyron caninum (L.) Beauv.* 
Agropyron pauciflorum (Schw. )Hitchc.* 
Agropyron repens (L.) Beauv. 
Agropyron smithii Rydb. 
Elymus canadensis L. 
Elymus villosus Muhl. 
Elymus virginicus L. 
Hystrix patula Moench. 
Hordeum jubatum L. 
Koeleria cristata (L.) Pers. 
Sphenopholis intermedia Rydb. 
Sphenopholis obtusata (Michx.) Scribn. 
Deschampsia caespitosa (L.) Beauv. 
Avena fatua L.* 
Danthonia spicata (L.) Beauv. 
Calamagrostis canadensis (Michx.) 

Beauv. 
Calamagrostis inexpansa Gray 
Calamovilfa longifflolia (Hook.) Scribn. 
Agrostis alba L. 
Agrostis hiemalis (Walt.) BSP. 
Agrostis perennans (Walt.) Tuck. 
Cinna arundinacea L. 
Cinna latifolia (Trev.) Griseb.* 
Alopecurus aequdlis Sobol.* 
Alopecurus geniculatus L. 
Phleum pratense L. 
Muhlenbergia foliosa (R. & S.) Trin. 
Muhlenbergia mexicana (L.) Trin. 
Muhlenbergia schreberi Gmel. 
Muhlenbergia sylvatica Torr. 
Muhlenbergia teniuflora (Willd.) BSP. 
Sporobolus clandestinus (Spreng.) 

Hitchc.* 
Sporobolus cryptandrus (Torr.) Gray 
Sporobolus heterolepsis Gray 
Sporobolus neglectus Nash. 
Sporobolus vaginflorus (Torr.) Wood* 
Brachyelytrum erectum (Schreb.) 

Beauv. 
Oryzopsis asperifolia Michx. 
Oryzopsis asperifolia Michx. 
Oryzopsis racemosa (Sm.) Ricker 
Stipa spartea Trin. 
Aristida basiramea Engelm.* 
Aristida dichotoma Michx. 
Aristida oligantha Michx. 

Aristida purpurascens Poir. 
Aristida ramosissima Engelm.* 
Aristida tuberculosa Nutt. 
Eleusine indica Gaertn. 
Spartina pectinata Link 
Bouteloue curtipendula (Michx.) Torr. 
Bouteloua gracilis (HBK.) Torr. 
Bouteloua hirsuta Lag. 
Hierochloe odorata (L.) Beauv.* 
Phalaris arundinaces L. 
Phalaris canariensis L.* 
Leersia lenticularis Michx. 
Leersia oryzoides (L.) Sw. 
Leersia virginica Willd.* 
Digitaria ischaemum (Schreb.) Muhl. 
Digitaria sanguinalis (L.) Scop 
Leptoloma cognatum (Schult.) Chase 
Paspalum stramineum Nash. 
Panicum agrostoides L.* 
Panicum boscii Poir. 
Panicum capillare L. 
Panicum clandestinum L. 
Panicum depauperatum Muhl.* 
Panicum dichotomum L. 
Panicum dichotomiflorum Michx. 
Panicum huachucae Ashe 
Panicum implicatum Schribn.* 
Panicum latifolium L. 
Panicum leibergii (Vasey) Schribn. 
Panicum miliaceum L. 
Panicum perlongum L.* 
Panicum pseudopubescens Nash. 
Panicum scribnerianum Nash. 
Panicum tennesseense Ashe* 
Panicum verrucosum Muhl.* 
Panicum villossimum Nash. 
Panicum virgatum L. 
Panicum wilcoxianum Vasey* 
Echinochloa crus-galli (L.) Beauv. 
Echinochloa waiter (Pursh) Heller* 
Setaria italica L.* 
Setaria lutescens (Weigel) Hubb 
Setaria verticillata (L.) Beauv.* 
Setaria viridis (L.) Beauv. 
Cenchrus longspinus (Hack.) Fern. 
Andropogon furcatus Muhl. 
Andropogon scoparius Michx. 
Sorghastrum nutans (L.) Nash. 

Cyperaceae 

Cyperus aristatus Roth 
Cyperus diandrus L. 
Cyperus esculentus L.* 
Cyperus engelmannii Steud. 
Cyperus erythrorhizos Muhl.* 
Cyperus ferruginescens Boeckl.* 
Cyperus filiculmis Vehl. 
Cyperus rivularis Kunth. 
Cyperus schweinitzii Torr. 
Cyperus strigosus L. 
Dulichium arundinaceum (L.) Britt. 
Eleocharis acicularis (L.) R. & S.* 
Eleocharis engelmannii Steud.* 
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Eleocharis 
Eleocharis 
Eleocharis 
Eleocharis 
Eleocharis 
Eleocharis 

R. & S. 

equisetoides (Ell.) Torr.* 
internedia (Muhl.) Schult.* 
obtusa (Willd.) Schult. 
ovata (Roth.) R. & S. 
palustris (L.) R. & S. 
qudrangulata (Michx.) 

Eleocharis tenuis (Willd.) Schult. 
Bulbostylis capillaris (L.) Clarke 
Hemicarpa micrantha (Vahl.) Britt. 
Fimbristylis autumnalis (L.) R. & S. 
Scirpus americanus Pers. 
Scirpus atrovirens Muhl. 
Scirpus cyperinus (L.) Knuth. 
Scirpus debilis Pursh* 
Scirpus fluviatilis (Torr.) Gray* 
Scirpus lineatus Michx. 
Scirpus polyphyllus Vahl. 
Scirpus validus Vahl. 
Eriophorum angustifolium Roth.* 
Rhynchospora alba (L.) Vahl.* 
Carex aggregata Mack. 
Carex albursina Boott. 
Carex aquatilis Wahl.* 
Carex artitecta Mack. 
Carex aurea Nutt. 
Carex bicknellii Britt.* 
Carex blanda Dewey 
Carex brunnescens Poir. 
Carex cephaloidea Dewev 
Carex cephalophora Muhl.* 
Carex communis Bailey* 
Carex comosa Boott. 
Carex crinita Lam.* 
Carex cristatella Britt.* 
Carex davisii Schw. 
Carex debilis Michx. 
Carex disperma Dewey* 
Carex eburnea Boott. 
Carex festucacea Schk. 
Carex filiformis L. 
Carex foenae Willd. 
Carex gracillima Schw. 
Carex granularis Muhl.* 
Carex gravida Bailey 
Carex grisea Wahl. 
Carex grayii Carey 
Carex hirtifolia Mack.* 
Carex hystricina Muhl. 
Carex interior Bailey* 
Carex intumescens Rudge 
Carex jamesii Schw.* 
Carex lanuginosa Michx. 
Carex laxiflora Lam. 
Carex laptalea Wahl.* 
Carex longirostris Torr. 
Carex lupulina Muhl. 
Carex lurida Wahl. 
Carex meadii Bailey* 
Carex muskingumensis Schw. 
Carex muhlenbergii Schw. 
Carex oligocarpa Scht. 
Carex pedunculata Muhl. 
Carex pennsylvanica L. 

Carex plantaginea Lam. 
Carex prairea Dewey* 
Carex pubescens Muhl. 
Carex retrorsa Schw. 
Carex rosea Schk. 
Carex sartwellii Dewey* 
Carex scoparia Schk. 
Carex springelii Dewey* 
Carex stipata Muhl. 
Carex straminea Willd. 
Carex stricta Lam. 
Carex suberecta (Olney) Britt.* 
Carex tenera Dewey 
Carex tetanica Schk.* 
Carex torta Boott.* 
Carex tribuloides Wahl. 
Carex tuckermannii Dewey* 
Carex varia Muhl. 
Carex virescens Muhl. 
Carex vulpinoidea Michx. 

Araceae 

Arisaema atrorubens (Ait.) Blume 
Arisaema dracontium (L.) Schott. 
Symplocarpus foetidus (L.) Nutt. 
Acorus calamus L. 

Lemnaceae 

Lemna minor L. 
Lemna perpusilla Torr.* 
Lemna trisulca L. 
Spirodela polyrhiza (L.) Schleid. 
Wolffia columbiana Karst. 

Commelinaceae 

Commelina communis L. 
Commelina virginica L. 
Tradescantia canaliculata Raf. 
Tradescantia virginiana L. 

Pontederiaceae 

Pontederia cordata L. 
Heteranthera dubia (Jacq.) MacD. 
Juncus acuminatus Michx. 
Juncus balticus var. littoralis Engelm 
Juncus buffonius L.* 
Juncus canadensis J. Gay 
Juncus interior Wieg.* 
Juncus macer S. F. Gray 
Juncus nodosus L. 
Juncus secundus Beauv.* 
Juncus vasev Engelm.* 
Luzula multiflora (Ehrh.) Lej. 

Liliaceae 

Zigadenus glaucus Nutt. 
Hemorocallis fulva L. 
Allium canadense L. 
Allium cernuum Roth. 
Allium stellatum Ker. 
Allium tricoccum Ait. 
Lilium michiganense Farw. 
Lilium umbellatum Pursh 
Erythronium albidum Nutt. 
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Erythronium americanum Ker.* 
Camassia scillioides (Raf.) Cory 
Asperagus officinalis L. 
Smilacina racemosa (L.) Desf. 
Smilacina stellata (L.) Desf. 
Maianthemum canadense var. interius 

Fern. 
Polygonatum biflorum (Walt.) Ell. 
Polygonatum pubescens (Willd.) Pursh 
Uvularia grandiflora Sm. 
Uvularia sessilifolia L.* 
Trillium gleasoni Fern. 
Trillium recurvatum Beck. 
Trillium sessile L.* 
Smilax ecirrhata (Engelm.) Wats. 
Smilax herbacea L. 
Smilax hispida Muhl. 
Smilax rotunidifolia L. 

Dioscoreaceae 

Dioscorea villosa L. 

Amaryllidaceae 

Hypoxis hirsuta (L.) Coville 

Iridaceae 

Iris shrevei Small 
Sisyrinchium albidum Raf. 
Sisyrnchium angustifolium Mill. 
Sisyrinchium graminoides Bickn. 

Orchidaceae 

Cypripedium candidum Muhl.* 
Cypripedium hirsutum Mill. 
Cypripedium reginea Walt. 
Orchis spectabilis L. 
Habenaria bracteata (Muhl.) R. Br. 
Habenaria clavellata (Michx.) Spreng. 
Habenaria flava (L.) Gray* 
Habenaria lacera (Michx.) R. Br. 
Habenaria leucophaea (Nutt.) Gray* 
Calopogon pulchellus (Salisb.) R. Br. 
Triphora trianthophora (Sw.) Rydb. 
Spiranthes gracilis (Bigel.) Beck.* 
Goodyera pubescens (Willd.) R. Br.* 
Liparis liliifolia (L.) Rich. 
Liparis loeselii (L.) Rich.* 
Aplectrum hyemale (Muhl.) Torr. 
Corallorrhiza maculatum Raf. 

Saururaceae 

Saururus cernuus L. 

Salicaceae 

Populus alba L. 
Populus deltoides Marsh. 
Populus grandidentata Michx. 
Populus tremuloides Michx. 
Salix amygaloides Anders. 
Salix bebbiana Sarg. 
Salix Candida Fluegge. 
Salix cordata Muhl. 
Salix discolor Muhl. 

Salix fragilis L.* 
Salix glaucophylla Bebb. 
Salix humilis Marsh. 
Salix interior Rowlee 
Salix lucida Muhl. 
Salix nigra Marsh. 
Salix pedicellaris Pursh.* 
Salix petiolaris Sm. 
Salix sericea Marsh. 

Juglandaceae 

Juglans cinerea L. 
Juglans nigra L. 
Carya cordiformis (Wang.) K. Koch. 
Carya glabra (Mill.) Sweet 
Carya illinoensis (Wang.) K. Koch.* 
Carya laciniosa (Michx. f.) Loud. 
Carya ovata (Mill.) K. Koch. 

Betulaceae 

Corylus americana Walt. 
Ostrya virginiana (Mill.) Koch. 
Carpinus caroliniana Walt. 
Betula lutea Michx. f. 
Betula nigra L. 
Betula papyrifera Marsh. 

Fagaceae 

Quercus alba L. 
Quercus bicolor Willd. 
Quercus borealis Michx. f. 
Quercus ellipsoidalis Hill. 
Quercus macrocarpa Michx. 
Quercus muhlenbergia Engelm. 
Quercus palustris Muench.* 
Quercus velutina Lam. 

TJlmaceae 

Ulums americana L. 
Ulmus fulva Michx. 
Ulmus thomasi Sarg. 
Celtis occidentalis L. 
Morus rubra L. 

GannaMnaceae 

Cannabis sativa L. 
Humulus americanus Nutt. 

TJrticaceae 

Urtica dioica L.* 
Urtica procera Muhl. 
Boehmera cylindrica (L.) Sw. 
Pilea pumila (L.) Gray 
Laportea canadensis (L.) Gaud. 
Parietaria pennsylvanica Muhl. 

Santalaceae 

Comandra umbellata (L.) Nutt. 

Aristolochiaceae 

Asarum acuminatum (Ashe) Bickn. 
Asarum reflexum Bickn. 
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Polygonaceae 

Rumex acetosella L. 
Rumex altissimus Wood 
Rumex britannica L. 
Rumex crispus L. 
Rumex obtusifolius L. 
Rumex verticillatus L. 
Polygonum aviculare L. 
Polygonum dumetorum L. 
Polygonum erectum L.* 
Polygonum exsertum Small* 
Polygonum hydropiper L. 
Polygonum hydropiperoides Michx. 
Polygonum lapathifolium L. 
Polygonum orientale L.* 
Polygonum pennsylvanicum L. 
Polygonum persicaria L. 
Polygonum punctatum Ell. 
Polygonum scandens L. 
Polygonum sagittatum L. 
Polygonum tenue Michx.* 
Polygonum virginianum L. 
Polygonella articulata (L.) Meis. 

Chenopodiaceae 

Chenopodium album L. 
Chenopodium ambrosioides L.* 
Chenopodium botrys L. 
Chenopodium capitatum L. 
Chenopodium glaucum L.* 
Chenopodium hybridum L. 
Chenopodium pratericola Rydb.* 
Chenopodium urbicum L. 
Kochia scoparia (L.) Schrad. 
Cycloloma atriplicifolium (Spreng.) 

Coult. 
Atriplex hastata L.* 
Atriplex patula L. 
Coriospermum hyssopifolium L. 
Salsola pestifer A. Nels. 

Amaranthaceae 

Amaranthus blitoides Wats. 
Amaranthus gracaezans L. 
Amaranthus hybridus L. 
Amaranthus retroflexus L. 
Amaranthus spinosus L. 
Acnida altissima Riddell. 
Acnida subnuda (Wats.) Stanley.* 
Acnida tamariscina (Nutt.) Wood.* 
Froelichia campestris Small. 

Phytolaccaceae 

Phytolacca americana L. 

Nyctaginaceae 

Oxybaphus linearis (Pursh) Rob.* 
Oxybaphus nyctagineus (Michx.) Sweet 

Illecebraceae 

Paronychia canadensis (L.) Wood 
Paronychia fastigiata (Raf.) Fern.* 

Aizoaceae 
Mollugo verticillata L. 

Portulacaceae 
Talinum rugospermum Holz. 
Claytonia virginica L. 
Portulaca oleracea L. 

Caryophyllaceae 

Cerastium nutans Raf. 
Cerastium vulgatum L. 
Stellaria aquatica (L.) Scop. 
Stellaria longifolia Muhl. 
Stellaria media (L.) Cyril. 
Arenaria lateriflora L. 
Arenaria serpyllifolia L. 
Arenaria stricta Michx. 
Agrostemma githago L. 
Silene antirrhina L. 
Sinene cucubalus Wibel. 
Silene nivea (Nutt.) Otth. 
Silene noctiflora L. 
Silene stellata (L.) Ait. 
Lychnis alba Mill. 
Saponaria officinalis L. 
Saponaria vaccaria L.* 

Ranunculaceae 

Caltha palustris L. 
Hydrastis canadensis L.* 
Isopyrum biternatum (Raf.) T. & G. 
Aquilegia canadensis L. 
Actaea alba (L.) Mill. 
Actaea rubra (Ait.) Willd. 
Ranunculus abortivus L. 
Ranunculus acris L.* 
Ranunculus fascicularis Muhl. 
Ranunculus flabellaris Raf.* 
Ranunculus hispidus Michx. 
Ranunculus pennsylvanicus L. f. 
Ranunculus recurvatus Poir. 
Ranunculus repens L. 
Ranunculus rhomboideus Goldie 
Ranunculus sceleratus L. 
Ranunculus septentrionalis Poir. 
Ranunculus trichophyllus Chaix. 
Thalictrum dasycarpum F. & L. 
Thalictrum dioicum L. 
Thalictrum revolutum DC. 
Anemone candensis L. 
Anemone carolianiana Walt.* 
Anemone cylindrica Gray 
Anemone ludoviciana Nutt. 
Anemone quinquefolia L. 
Anemone virginiana L. 
Anemonella thalictroides (L.) Spach. 
Hepatica acutiloba DC. 
Clematis virginiana L. 

Nymphaeaceae 

Nelumbo lutea (Willd.) Pers. 
Nuphar advena Ait. 
Nymphaea tuberosa Paine 
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Ceratophyllaceae 

Ceratophyllum demersum L. 

Berberidaceae 

Berberis vulgaris L. 
Podophyllum peltatum L. 
Jeffersonia diphylla (L.) Pers. 
Caulophyllum thalictroides (L.) Meek. 

Menispermaceae 

Menispermum canadense L. 

Lauraceae 

Benzoin aestivale (L.) Nees. 

Papaveraceae 

Sanginaria canadensis L. 

Fumariaceae 

Dicentra canadensis (Goldie) Watts.* 
Dicentra cucullaria (L.) Bernh. 
Corydalis flavula (Raf.) DC. 
Corydalis micrantha (Engelm.) Gray 

Cruciferae 

Brassica alba L. 
Brassica arvensis (L.) Raben. 
Brassica campestris L. 
Brassica juncea (L.) Cosson. 
Brassica nigra (L.) Koch. 
Barbarea vulgaris R. Br. 
Rorippa americana (Gray) Britt. 
Rorippa palustris (L.) Bess. 
Rorippa sessiflora (Nutt.) Hitchc. 
Sisymbrium altissimum L. 
Sisymbrium officinale (L.) Scop. 
Conringia orientalis (L.) Dum.* 
Erysimum cheiranthoides L.* 
Descurainia brachycarpa (Rich.) 

Schulz. 
Draba verna L.* 
Dentaria laciniata Muhl. 
Iodanthus pinnatafidus (Michx.) Steud. 
Cardamine bulbosa (Schreb.) BSP. 
Cardamine douglassii (Torr.) Britt. 
Cardamine pennsylvanica Muhl. 
Arabis canadensis L. 
Arabis confinis Wats. 
Arabis dentata T. & G. 
Arabis hirsuta (L.) Scop.* 
Arabis laevigata (Muhl.) Poir. 
Arabis lyrata L. 
Arabidopsis thaliana (L.) Heynh.* 
Nasturtium officinale R. Br. 
Armoracia aquatica (Eaton) Wieg.* 
Armoracia rusticana Gaertn. 
Camelina microcarpa Andrz. 
Lepidium campestre (L.) R. Br. 
Lepidium virginicum L. 
Thlaspi arvense L. 
Capsella bursa-pastoris (L.) Medic. 

Capparidaceae 

Polanisia graveolens Raf. 

Polanisia trachysperma T. & G. 
Cristatella jamesii T. & G.* 

Crassulaceae 

Penthorum sedoides L. 

Saxifragaceae 

Heuchera hispida Pursh 
Mitella diphylla L. 
Mitella nuda L.* 
Chrysosplenium americanum Schw.* 
Sullivantia renifolia Rosend. 
Saxifraga forbesii Vasey 
Saxifraga pennsylvanina L. 
Saxifraga virginiana Michx.* 
Parnassia glauca Raf. 

Grossulariaceae 

Ribes cynosbati L. 
Ribes floridum L’Her. 
Ribes missouriense Nutt. 
Ribes oxycanthoides L.* 

Hamamelidaceae 

Hamamelis virginiana L. 

Platanaceae 

Platanus occidentalis L. 

Rosaceae 

Physocarpus opulifolius (L.) Maxim. 
Spiraea alba DuRoi. 
Aruncus dioicus (Walt.) Fern. 
Fragaria americana (Perter) Britt. 
Fragaria virginiana Duch. 
Potentilla anserina L.* 
Potentilla argentea L. 
Potentilla arguta Pursh 
Potentilla fruticosa L. 
Potentilla monspeliensis L. 
Potentilla palustris (L.) Scop. 
Potentilla recta L. 
Potentilla simplex Michx. 
Geum canadense Jacq. 
Geum laciniatum Murr.* 
Geum strictum Ait. 
Geum triflorum Pursh 
Agrimonia gryposepala Wallr. 
Agrimonia parviflora Ait. 
Agrimonia striata Michx. 
Rubus allegheniensis Porter 
Rubus flagellaris Willd. 
Rubus occidentalis L. 
Rubus strigosus Michx. 
Rubus spp. 
Rosa blanda Ait. 
Rosa Carolina L. 
Rosa eglanteria L.* 
Rosa palustris Marsh. 
Rosa suffulta Greene 
Amelanchier arborea (Michx. f.) Fern. 
Amelanchier laevis Wieg. 
Pyrus communis L.* 
Malus coronaria (L.) Mill.* 
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Malus ioensis (Wood) Bailey 
Malus pumila Mill. 
Crataegus crus-galli L. 
Crataegus mcrosperma Ashe 
Crataegus mollis (T. & G.) Scheele 
Crataegus pruinosis (Wende.) K. Koch. 
Crataegus punctata Jacq. 
Crataegus spp. 
Prunus americana Marsh. 
Prunus lanata (Sudw.) M. & B. 
Prunus nigra L. 
Prunus pennsylvanica L. 
Prunus serotina Ehrh. 
Prunus virginiana L. 

Leguminosae 

Desmanthus illinoensis (Michx.) MacM. 
Gymnocladus dioica (L.) K. Koch. 
Gleditsia triacanthos L. 
Cassia fasciculata Michx. 
Cassia nictitans L.* 
Baptisia leucantha T. &. G. 
Baptisia leucophaea Nutt. 
Lupinus perennis L. 
Trifolium arvense L. 
Trifolium hybridum L. 
Trifolium pratense L. 
Trifolium procumbens L. 
Trifolium repens L. 
Melilotus alba Desr. 
Melilotus officinalis (L.) Lam. 
Medicago lupulina L. 
Medicago sativa L. 
Hosackia americana (Nutt.) Piper* 
Psoralea tenuiflora Pursh 
Amorpha canascens L. 
Amorpha fruticosa L. 
Dalea alopecuroides Willd.* 
Petalostemum candidum Michx. 
Petalostemum purpureum (Vent.) Rydb. 
Tephrosia virginiana (L.) Pers. 
Robinia pseudoacacia L. 
Astragalus canadensis L. 
Desmodium canadense (L.) DC. 
Desmodium canescens (L.) DC. 
Desmodium dillenii Dari. 
Desmodium glutinosum (Muhl.) Wood 
Desmodium illinoense Gray 
Desmodium marilandicum (L.) DC. 
Desmodium nudiflorium (L.) D. C. 
Desmodium paniculatum (L.) DC. 
Desmodium rigidum (Ell.) DC.* 
Desmodium rotundifolium (Michx.) 

DC.* 
Desmodium viridiflorum (L.) Beck.* 
Lespedeza capitata Michx. 
Lespedeza hirta (L.) Horn. 
Lespedeza repens (L.) Bart. 
Lespedeza violacea (L.) Britt. 
Vicia americana Muhl. 
Vicia cracca L.* 
Vicia sativa L. 

Vicia villosa L. 
Lathyrus myritfolius Muhl.* 
Lathyrus ochroleucus Hook. 
Lathyrus palustris L. 
Lathyrus venosus Muhl. 
Apios americana Medic. 
Strophostyles helvola (L.) Britt. 
Strophostyles umbellata (Muhl.) Britt.* 
Amphicarpa bracteata (L.) Fern. 
Amphicarpa comosa (L.) G. Don. 

Geraniaceae 

Geranium carolinianum L. 
Geranium maculatum L. 
Geranium robertianum L. 

Oxalidaceae 

Oxalis corniculata L. 
Oxalis cymosa Small 
Oxalis grandis Small* 
Oxalis stricta L. 
Oxalis violacea L. 

Linaceae 

Linum sulcatum Riddell 

Balsomaceae 

Impatiens biflora Walt. 
Impatiens pallida Nutt. 

Limnanthaceae 

Floerkea proserpinacoides Willd. 

Rutaceae 

Zanthoxylum americanum Mill. 
Ptelea trifoliata L. 

Simarubaceae 

Ailanthus altissima (Mill.) Swingle 

Polygalaceae 

Polygala incarnata L. 
Polygala polygama Walt. 
Polygala sanguinea L. 
Polygala senega L. 
Polygala verticillata L. 

Euphorbiaceae 

Croton glandulosus L. 
Acalypha gracilliens Gray* 
Acalypha virginica L. 
Euphorbia commutata Engelm. 
Euphorbia corollata Pursh 
Euphorbia cyparissias L. 
PJuphorbia dentata Michx. 
Euphorbia geyeri Engelm. 
Euphorbia humistrata Engelm.* 
Euphorbia hirsuta (Torr.) Wieg.* 
Euphorbia maculata L. 
Euphorbia polygonfolia L. 
Euphorbia supina Raf. 
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Callitrichaceae 

Callitriche heterophylla Pursh 
Callitriche palustris L.* 

Celastraceae 

Euonymus atropurpureus Jacq. 
Euonymus obovatus Nutt.* 
Celastrus scandens L. 

Anacardiaceae 

Rhus arenaria (Greene) Jones 
Rhus glabra L. 
Rhus radicans L. 
Rhus typhina L. 

Staphyleaceae 

Staphylea trifolia L. 

Aceraceae 

Acer nigrum Michx. f. 
Acer negundo L. 
Acer rubrum L . 
Acer saccharum Marsh. 
Acer saccharinum L. 

Lechea minor L. 
Lechea stricta Legg.* 
Lechea tenuifolia Mmhx. 
Lechea villosa Ell.* 

Violaceae 

Viola blanda Willd.* 
Viola canadensis L. 
Viola conspersa Reich.* 
Viola cucullata Ait. 
Viola eriocarpa Schw. 
Viola fimbriatula Sm. 
Viola lanceolata L.* 
Viola palmata L. 
Viola papilionacea Pursh 
Viola pedata L. 
Viola pedatifida Don.* 
Viola pubescens Ait. 
Viola sagittata Ait. 
Viola striata Ait. 
Viola sororia Willd. 

Cactaceae 

Opuntia rafinesquii Engelm. 

Rhamnaceae 

Rhamnus lanceolata Pursh 
Ceanothus americanus L. 
Ceanothus ovatus Desf.* 

Vitaceae 

Vitis aestivalis Michx. 
Vitis riparia Michx. 
Vitis vulpina L. 
Parthenocissus quinquefolia (L.) 

Planch. 
Tiliaceae 

Tilia americana L. 

Malvaceae 

Malva moschata L. 
Malva rotundifolia L. 
Callirhoe triangulata (Leav.) Gray 
Napaea dioica L.* 
Sida spinosa L. 
Abutilon theophrasti Medic. 
Hibiscus militaris Cav.* 

Hypericaceae 

Hypericum 
Hypericum 
Hypericum 
Hypericum 
Hypericum 
Hypericum 
Hypericum 
Hypericum 
Hypericum 

ascyron L. 
canadense L. 
ellipticum Hook.* 
majus (Gray) Britt.* 
mutilum L. 
perforatum L. 
punctatum Lam. 
sphaerocarpum Michx. 
virginicum L.* 

Cistaceae 

Hudsonia tomentosa Nutt. 
Helianthemum canadense (L.) Michx. 

Thymeleaceae 

Dirca palustris L. 

Lythraceae 

Rotala ramosior (L.) Koehne 
Peplis diandra Nutt.* 
Ammania coccinea Rottb. 
Decodon verticillatus (L.) Ell.* 
Lythrum alatum Pursh 

Onagraceae 

Epilobium adenocaulon Hauss. 
Epilobium angustifolium L. 
Epilobium coloratum Muhl. 
Epilobium strictum Muhl.* 
Ludwigia palustris (L.) Ell. 
Ludwigia polycarpa S. & P.* 
Oenothera biennis L. 
Oenothera fruticosa L. 
Oenothera laciniata Hill. 
Oenothera muricata L.* 
Oenothera pumila L. 
Oenothera rhombipetala Nutt. 
Oenothera speciosa Nutt.* 
Gaura biennis L. 
Circaea latifolia Hill 
Circaea alpina L.* 

Haloragidaceae 

Myriophyllum heterophyllum Michx. 
Myriophyllum verticillatum L.* 
Proserpinaca palustris L. 

Cornaceae 

Cornus alternifolia L. f. 
Cornus asperifolia Michx. 
Cornus obliqua Raf.* 
Cornus racemosa Lam. 
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Cornus rugosa Lam. 
Cornus stolonifera Michx. 

Araliaceae 

Aralia nudicaulis L. 
Aralia racemosa L. 
Panax quinquefolia L.* 

Umbelliferae 

Eryngium yuccifolium Michx. 
Daucus carota L. 
Sanicula canadensis L. 
Sanicula gregaria Bickn. 
Sanicula marilandica L. 
Sanicula trifoliata Bickn.* 
Osmorhiza claytoni (Michx.) Clark 
Osmorhiza longistylis (Torr.) DC. 
Cryptotaenia canadensis (L.) DC. 
Berula pusilla (Nutt.) Fern.* 
Chaerophyllum procumbens (L.) Crantz. 
Zizia aptera (Gray) Fern. 
Zizia aurea (L.) Koch. 
Taenidia integerrima (L.) Drude 
Sium cicutaefolium Gmel.* 
Cicuta bulbifera L. 
Cicuta maculata L. 
Thaspium sylvaticum (Benke) Jones 
Thaspium barbinode (Michx.) Nutt.* 
Polytaenia nuttallii DC.* 
Angelica atropurpurea L. 
Heracleum lanatum Michx. 
Pastinaca sativa L. 

Apocynaceae 

Apocynum androsaemifolium L. 
Apocynum cannabinum L. 
Apocynum pubescens R. Br. 
Apocynum sibericum Jacq.* 

Asclepiadaceae 

Asclepias amplexicaulis Sm. 
Asclepias incarnata L. 
Asclepias phytolaccoides Pursh 
Asclepias purpurascens L. 
Asclepias sullivantii Engelm.* 
Ascelpias syriaca L. 
Ascelpias tuberosa L. 
Ascelpias verticillata L. 
Acerates floridana (Lam.) Hitcbc. 
Acerates lanuginosa Nutt. 
Acerates viridiflora (Raf.) Eaton* 

Convolvulaceae 

Convolullus arvensis L. 
Convolullus sepium L. 
Convolullus spithamaeus L. 
Cuscuta glomerata Choisy* 
Cuscuta gronovii Willd. 
Cuscuta spp. 

Polemoniaaceae 

Phlox divaricata L. 
Pholx glaberrima L.* 
Phlox pilosa L. 
Collomia linearis Nutt. 
Polemoniam reptans L. 

Ericaceae 

Chimaphila umbellata (L.) Nutt.* 
Pyrola elliptica Nutt. 
Pyrola secunda L.* 
Monotropa uniflora L. 
Arctostaphylos uva-ursi (L.) Spreng.* 
Gaylussacia baccata (Wang.) K. Koch. 

Primulaceae 

Primula mistassinica Michx. 
Lysimachia ciliata L. 
Lysimachia lanceolata Walt.* 
Lysimachia nummularia L. 
Lysimachia quadriflora Sims.* 
Lysimachia quadrifolia L. 
Dodecatheon meadia L. 

Oleaceae 

Fraxinus americana L. 
Fraxinus lanceolata Sarg. 
Fraxinus nigra Marsh. 
Fraxinus pennsylvanica Marsh. 

Gentianaceae 

Gentiana andrewsii Griseb.* 
Gentiana crinita Froel.* 
Gentiana flavida Gray 
Gentiana puberula Michx. 
Gentiana quinquefolia L. 
Menyanthes trifoliata L.* 

Hydrophyllaceae 

Hydrophyllum appendiculatum Michx. 
Hydropyhllum canadense L.* 
Hydrophyllum virginianum L. 
Ellisia nyctelea L. 

Boraginaceae 

Cynoglossum officinale L. 
Lappula echinata Gilib.* 
Lappula virginiana (L.) Greene 
Lithospermum angustifolium Michx. 
Lithospermum arvense L. 
Lithospermum canescens (Michx.) 

Lehm. 
Lithospermum croceum Fern. 
Lithospermum latifolium Michx. 
Onosmodium occidentale Mack.* 

V erbenaceae 

Verbena hastata L. 
Verbena simplex Lehm.* 
Verbena stricta Vent. 
Verbena urticaefolia L. 
Phyla lanceolata (Michx.) Greene 

Labiatae 

Teucrium canadense L. 
Teucrium occidentalis Gray* 
Isanthus brachiatus (L.) BSP. 
Scutellaria ambigua Nutt.* 
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Scutellaria galericulata L.* 
Scutellaria lateriflora L. 
Scutellaria ovata Hill 
Scutellaria parvula Michx. 
Marrubium vulgare L* 
Agastache nepetoides (L.) Ktze. 
Agastache scrophulariaefolia (Willd.) 

Ktze. 
Nepeta cataria L. 
Glecoma hederacea Benth. 
Physostegia virginianum (L.) Benth. 
Prunella vulgaris L. 
Leonurus cardiaca L. 
Leonurus marrubiastrum L.* 
Stachys aspera Michx. 
Stachys cordata Ridd.* 
Stachys palustris L. 
Stachys tenuifolia Willd. 
Salvia reflexa Hornem. 
Blephilia ciliata (L.) Raf. 
Blephilia hirsuta (Pursh) Benth. 
Monarda fistulosa L. 
Monarda punctata L. 
Hedeoma hispida Pursh 
Hedeoma pulegioides (L.) Pers. 
Clinopodium glabrum (Nutt.) Ktze. 
Pycnantheum flexuosum (Walt.) BSP. 
Pycnantheum pilosum Nutt. 
Pycnantheum virginianum (L.) D. & J. 
Lycopus americanus Muhl. 
Lycopus rubellus Moench.* 
Lycopus uniflorus Michx. 
Lycopus virginicus L. 
Mentha arvensis L. 
Mentha canadensis L. 
Mentha citrata Ehrh.* 
Mentha piperita L. 
Mentha spicata L. 

Solonaceae 

Solanum carolinense L. 
Solanum dulcamara L. 
Solanum nigrum L. 
Solanum rostratum Dunal 
Physalis heterophylla Nees. 
Physalis pubescens L. 
Physalis subglabrata M. & B. 
Physalis virginiana Mill.* 
Datura stramonium L. 

Scrophulariaceaecie 

Verbascum thapsus L. 
Chelone glabra L. 
Penstemon hirsutus (L.) Willd. 
Penstemon digitalis Nutt. 
Penstemon pallidus Small* 
Scrophularia lanceolata Pursh 
Scrophularia marilandica L. 
Linaria canadensis (L.) Dum. 
Linaria vulgaris Mill. 
Lindernia dubia (L.) Pennell 
Gratiola virginiana L.* 
Mimulus alatus Ait. 
Mimulus geyeri Torr.* 

Mimulus ringens L. 
Veronicastrum virginicum (L.) Farw. 
Veronica americana Schw. 
Veronica anagallis-aquatica L.* 
Veronica arvensis L. 
Veronica peregina L. 
Veronica persica Poir.* 
Veronica virginica L. 
Synthyris bullii (Eaton) Hell. 
Aureolaria flava (L.) Farw. 
Aureolaria grandiflora (Benth) Pennell 
Aureolaria pedicularia (L.) Raf. 
Gerardia asper Dougl.* 
Gerardia skinneriana Wood* 
Gerardia tenuifolia Vahl. 
Otophylla auriculata Nutt.* 
Castilleja coccinea (L.) Spreng. 
Pedicularis canadensis L. 
Pedicularis lanceolata Michx. 

Lentibulariaceae 

Utricularis vulgaris L. 

Orobanchaceae 

Orobanche uniflora L.* 

Phrymaceae 

Phryma leptostachya L. 

Plantainaceae 

Plantago aristata Michx. 
Plantago lanceolata L. 
Plantago major L.* 
Plantaga purshii R. & S. 
Plantago rugelii Dene. 

Rubiaceae 

Cephalanthus occidentalis L. 
Diodia teres Walt. 
Galium aparine L. 
Galium asperellum Michx. 
Galium boreale L. 
Galium circaezans Michx. 
Galium palustre L.* 
Galium trifldum L. 
Galium triflorum Michx. 

Caprifoliaccae 

Sambucus canadensis L. 
Viburnum acerifolium L. 
Viburnum affine Bush 
Viburnum prunifolium L. 
Viburnum rafinesquianum Schult. 
Viburnum trilobum Marsh. 
Svmphoricarpos occidentalis Hook. 
Symphoricarpos rivularis Suksd.* 
Lonicera dioica L.* 
Lonicera flava Sims. 
Lonicera prolifera (Kirsch.) Rehr. 
Diervilla lonicera Mill. 
Triosteum aurantiacum Bickn. 
Triosteum perfoliatum L. 
Adoxa moschatellina L.* 



62 Illinois Academy of Science Transactions 

Valerianaceae 

Valeriana edulis Nutt. 

Cucubitaceuv 

Echinocystis lobata (Michx.) T. & G. 
Sicyos angulatus L.* 

Gampanulaceae 

Campanula americana L. 
Campanula aparinoides Pursh* 
Campanula rotundifolium L. 
Campanula trachelium L.* 
Specularia perfoliata (L.) A. DC. 

Lobeliaceae 

Lobelia cardinalis L. 
Lobelia inflata L. 
Lobelia leptostachys A. DC.* 
Lobelia siphilitica L. 
Lobelia spicata Lam. 

Compositae 

Iva ciliata Willd. 
Iva xanthifolia Nutt.* 
Ambrosia coronopifolia T. & G.* 
Ambrosia elatior L. 
Ambrosia trifida L. 
Xanthium canadense Mill. 
Xanthium commune Britt. 
Vernonia fasciculata Michx. 
Yernonia missurica Raf. 
Eupatorium altissimum L. 
Eupatorium maculatum L. 
Eupatorium perfoliatum L. 
Eupatorium purpureum L. 
Eupatorium rugosum Houtt. 
Eupatorium serotinum Michx. 
Kuhnia eupatorioides L. 
Liatris aspera Michx. 
Liatris bebbiana Rydb. 
Liatris cylindracea Michx.* 
Liatris spicata (L.) Willd.* 
Grindelia squarrosa (Pursh) Dunal* 
Chrysopsis villosa (Pursh) Nutt.* 
Solidago altissima L. 
Solidago canadensis L. 
Solidago gilvocanescens Rydb. 
Solidago glaberrima Martens 
Solidago hirtella (Greene) Bush* 
Solidago hispida Muhl. 
Solidago juncea Ait 
Solidago latifolia L. 
Solidago media (Greene) Bush 
Solidago nemoralis Ait. 
Solidago riddellii Frank 
Solidago rigida L. 
Solidago rugosa Mill.* 
Solidago serotina Ait. 
Solidago speciosa Nutt. 
Solidago ulmifolia Muhl. 
Solidago uniligulata (DC.) Porter* 
Boltonia asteroides (L.) L’Her.* 

Aster anomalus Engelm. 
Aster azurus Lindl. 
Aster cordifolius L. 
Aster drummondii Lindl. 
Aster dumosus L.* 
Aster ericoides L. 
Aster interior Wieg.* 
Aster junceus Ait. 
Aster laevis L. 
Aster lateriflorus (L.) Britt. 
Aster linariifolius L. 
Aster macrophyllus L.* 
Aster novae-angliaea L. 
Aster oblongifolius Nutt.* 
Aster paniculatus Lam. 
Aster pilosus Willd. 
Aster prealtus Poir. 
Aster prenanthoides Muhl. 
Aster ptarmicoides (Nees.) T. & G. 
Aster sagittifolius Wed.* 
Aster salicifolius Lam. 
Aster sericeus Vent.* 
Aster shortii Lindl. 
Aster umbellatus Mill. 
Aster vimineus Lam.* 
Erigeron annuus (L.) Pers. 
Erigeron canadensis L. 
Erigeron divaricatus Michx.* 
Erigeron philadelphicus L. 
Erigeron pulchellus Michx. 
Erigeron strigosus Muhl. 
Antennaria fallax Greene 
Antennaria neglecta Greene.* 
Antennaria neodioica Greene* 
Antennaria plantaginifolia Hook. 
Gnaphalium obusifolium L. 
Gnaphalium uliginosum L.* 
Polymnia canadensis L. 
Silphium integrifolium Michx. 
Silphium laciniatum L. 
Silphium perfoliatum L. 
Silphium terebinthinaceum Jacq. 
Parthenium integrifolium L. 
Heliopsis helianthoides (L.) Sweet 
Eclipta alba (L.) Hassk. 
Rudbeckia hirta L. 
Rudbeckia laciniata L. 
Rudbeckia subtomentosa Pursh* 
Rudbeckia triloba L. 
Brauneria pallida (Nutt.) Britt. 
Ratibida pinnata (Vent.) Barnh. 
Galinsoga ciliata (Raf.) Blake 
Helianthus annuus L. 
Helianthus decapetalus L. 
Helianthus divaricatus L. 
Helianthus grosseserratus Martens 
Helianthus maximiliani Schrad.* 
Helianthus occidendentalis Riddell 
Helianthus petiolaris Nutt.* 
Helianthus rigidus (Cass.) Desf. 
Helianthus strumosus L. 
Helianthus tuberosus L.* 
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Coreopsis lanceolata L. 
Coreopsis palmata Nutt. 
Bidens aristosa (Michx.) Britt. 
Bidens comosa (Gray) Wieg. 
Bidens connata Muhl.* 
Bidens coronata (L.) Britt. 
Bidens discoidea (T. & G.) Britt.* 
Bidens frondosa L. 
Helenium autumnale L. 
Dyssodia paposa (Vent.) Hitchc.* 
Archillea millefolium L. 
Chrysanthemum leucanthemum L. 
Anthemis cotula L. 
Tanacetum vulgare L. 
Artemisia annua L* 
Artemisia biennis Willd.* 
Artemisia canadensis Michx.* 
Artemisia caudata Michx. 
Artemisia dracunculoides Pursh* 
Artemisia gnaphaloides Nutt. 
Artemisia serrata Nutt.* 
Cacalia atriplicifolia L. 
Cacalia muhlenbergii (Sch-Bip.) Fern. 
Cacalia suaveolens L. 
Cacalia tuberosa Nutt. 
Erechtites hieracifolia (L.) Raf.* 
Senecio aureus L. 
Senecio balsamitae Muhl. 
Senecio obovatus Muhl.* 
Arctium minus (Hill) Bern. 
Cirsium altissimum (L.) Spreng. 

Cirsium arvense (L.) Scop. 
Cirsium dicolor (Muhl.) Spreng. 
Cirsium muticum Michx. 
Cirsium undulatum (Muhl.) Spreng.* 
Cirsium vulgare (Savi) Airy-Shaw 
Tragopogon pratensis L. 
Krigia biflora (Walt.) Blake 
Krigia virginica (L.) Willd. 
Cichorium intubus L. 
Lactuca canadensis L. 
Lactuca biennis (Moench) Fern.* 
Lactuca floridana (L.) Gaertn. 
Lactuca pulchella (Pursh) DC.* 
Lactuca sagittifolia Ell.* 
Lactuca scariola L. 
Lactuca villosa Jacq.* 
Sonchus arvensis L. 
Sonchus asper (L.) Hill* 
Sonchus oleraceus L. 
Prenanthes alba L. 
Prenanthes altissima L.* 
Prenanthes aspera Michx. 
Prenanthes cripidinea Michx.* 
Hieracium aurantiacum L.* 
Hieracium canadense Michx. 
Hieracium gronovii L. 
Hieracium longipilum Torr.* 
Hieracium scabrum Michx.* 
Agoseris cuspidata (Pursh) Steud.* 
Taraxacum vulgare (Lam.) Schrank 
Taraxacum laevigatum (Willd.) DC. 
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APPLICATIONS OF SPECTROPHOTOMETRIC METHODS 
TO PROBLEMS OF CHEMICAL ANALYSIS IN THE 

STUDY OF PLANT PHYSIOLOGY 
G. R. NOGGLEi 

University of Illinois, Urbana 

In the course of a study of the 
effect of soil and other environ¬ 
mental factors on the development, 
growth, and composition of cereal 
grasses, it was found necessary to 
carry out a large number of analyses 
on samples of soil and of plant tis¬ 
sues. Standard macro quantitative 
procedures were used in many in¬ 
stances, but limitations in the size of 
the samples frequently made it 
necessary to turn to semi-micro 
methods. Colorimetric methods us¬ 
ing a spectrophotometer were found 
to be of great value. The speed and 
accuracy of spectrophotometric 
methods have led the author to aban¬ 
don the usual macro procedures in 
many instances. The purpose of the 
present note is to call to the atten¬ 
tion of plant physiologists the great 
usefulness of these procedures. 

A survey of the literature shows 
that many colorimetric procedures 
are available. Reitemeier (14) pub¬ 
lished a set of methods for the semi¬ 
micro-analysis of saline salt solu- 
ions. Peech (12) outlined methods 
for the micro-determination of ex¬ 
changeable bases in soils. Wall (16) 
developed micromethods for the de¬ 
termination of inorganic constitu¬ 
ents of plants. Lindner (8) has also 
outlined colorimetric methods for 
the rapid analysis of the common 
inorganic constituents of plant tis¬ 
sue. Parks, Hood, Hurwitz and 
Ellis (11) set up a systematic pro¬ 
cedure for quantitative microdeter¬ 
mination of twelve elements in plant 
tissue. Wolf (18) described several 

rapid photometric methods for use 
on plant tissues. Numerous other 
methods are also available for the 
analysis of plant material. 

Many colorimetric methods have 
been tried in the laboratory over a 
period of several years for the analy¬ 
sis of soils and plant materials. The 
present paper does not intend to 
describe the details of the methods 
used, but merely to suggest a few 
of the most generally applicable 
types of analyses possible through 
the use of a spectrophotometer. All 
the methods mentioned have been 
thoroughly tested by experience and 
they are especially valuable because 
of their precision and the compara¬ 
tive ease of execution. A Coleman 
Model 11 Universal Spectrophoto¬ 
meter was used for all determina¬ 
tions. Photometric calibration curves 
were prepared from standards, but 
it was found advisable to run a series 
of standards through the colorimet¬ 
ric procedure with each day’s run. 

COLORIMETRIC METHODS OF SOIL 

ANALYSIS 

Phosphorus fractions.—Bray and 
Dickman (2) described procedures 
for the quantitative determination 
of four fractions of phosphorus ad¬ 
sorbed by the colloidal material in 
the soil. The phosphorus in the vari¬ 
ous types of extracts was determined 
colorimetrically by the method of 
Dickman and Bra}" (4) using the 
Kurtz (7) modification to suppress 
interference by the fluoride ions. A 
wave length of 7750 A was used to- = 
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gether with a PC-5 filter. Stand¬ 
ards were prepared containing 0.005 
to 0.065 mgm. of phosphorus per 
50 ml. 

Potassium. —Exchangeable potas¬ 
sium was determined in the ammoni¬ 
um acetate leachate obtained during 
the base-exchange procedure as de¬ 
scribed by Noggle and Wynd (10). 
After evaporation of the leachate, it 
was ignited and taken up with nitric 
acid, and the potassium determined 
by the method of Wander (17). A 
wave length of 4250 A was used with 
a PC-4 filter. The standards con¬ 
tained 1 to 7 mgm. of potassium per 
100 ml. 

Sodium. — Exchangeable sodium 
in the ammonium acetate leachate, 
obtained by the conventional base- 
exchange procedure (10), or water- 
soluble sodium, was determined col- 
orimetrically as described by Reite- 
meier (14). A wave length of 4200 
A was used with a PC-4 filter. The 
sodium standards contained 0.025 to 
0.25 mgm. of sodium. 

COLORIMETRIC METHODS FOR THE 

ANALYSIS OF PLANT ASH 

The inorganic constituents in 
plant tissues were obtained in solu¬ 
tion by wet ashing with perchloric 

j and nitric acid; 0.5 to 1.0 gm. of 
dried plant material was treated 
with 10 ml. of water, 10 ml. of con¬ 
centrated nitric acid and 10 ml. of 
72 percent perchloric acid. The 
beaker, containing the plant mate¬ 
rial, was covered with a watch glass 
and the contents boiled gently on a 
hot plate until the organic matter 
was destroyed. After cooling, the 
watch glass and sides of the beaker 
were washed down with distilled 
water. The beaker without the 
wTatch glass was then returned to the 
hot plate and the contents evaporat- 
ad to dryness. The residue was 
taken up with 5 ml. of 1:4 HC1 and 

25 ml. of distilled water. The solu¬ 
tion was then filtered to remove the 
silica which was dehydrated by the 
perchloric acid. The filtrate was 
made up to 100 ml. volume and ali¬ 
quots used for subsequent analysis. 

Magnesium.—T he metho d of 
Reitemeier (14) was used to deter¬ 
mine magnesium. An aliquot of the 
ashed solution was transferred to a 
15 ml. centrifuge tube and the cal¬ 
cium precipitated as the oxalate. 
The filtrate and washings from the 
calcium oxalate precipitate were 
made up to 25 ml. volume and an 
aliquot taken for the magnesium 
determination. The magnesium was 
precipitated as magnesium ammo¬ 
nium phosphate hexahydrate, and 
the amount estimated from the phos¬ 
phorus content. Solutions contain¬ 
ing 0.01 to 0.08 mgm. of magnesium 
were used as standards. A wave 
length of 5400 A was used with a 
PC-4 filter. 

Potassium. — The cobaltinitrite 
procedure, using the nitroso R-salt, 
as outlined by Peech (12) was used. 
A wave length of 5500 A in connec¬ 
tion with a PC-4 filter was used. 
Standards contained 0.1 to 1.8 mgm. 
of potassium. 

Phosphorus. — The colorimetric 
phosphate method of Dickman and 
Bray (4) was used. A wave length 
of 7750 A and a PC-5 filter were 
used. The standards contained 0.005 
to 0.065 mgm. of phosphorus. 

Manganese.—The periodate meth¬ 
od as described by Peech (12) was 
found to be very satisfactory. A 
wave length of 5350 A and a PC-4 
filter were used. The standards 
contained 0.005 to 0.20 mgm. of 
manganese. 

Iron.—The method of Hummel 
and Willard (5) as modified by the 
AOAC (1) was used. A wave length 
of 5100 A and a PC-4 filter were 
used. Solutions containing 0.01 to 
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0.09 mgm. of iron were used as 
standards. 

COLORIMETRIC METHODS FOR 

NITROGEN 

Boiling Avater extracts were made 
of the dried plant material. Nitrate, 
ammonia, alpha-amino, and amide 
nitrogen were determined in the ex¬ 
tract. The scheme of analysis as 
outlined by Schlenker (15) was used. 
All fractions, except nitrate nitro¬ 
gen, were determined by Nessleriza- 
tion of ammonia after alkaline aspir¬ 
ation. 

Ammonia nitrogen. — The am¬ 
monia, after being aspirated from 
an alkaline solution into 0.1 N HC1, 
was determined colorimetrically by 
Nessler’s reagent. The Nessler re¬ 
agent was prepared according to 
Koch and McMeekin (6). A wave 
length of 5000 A was used with a 
PC-4 filter. The standards contained 
0.1 to 1.0 mgm. of ammonia nitro¬ 
gen. 

Nitrate nitrogen.—The nitrate 
nitrogen was determined colorimet¬ 

rically by the phenol-disulphonic 
acid method as outlined by Schlenker 
(15). A wave length of 4100 A 
with a PC-4 filter was used. 0.01 to 
4.0 mgm. of nitrate nitrogen were 
used as standards. 

METHODS FOR ASCORBIC ACID AND 

CHLOROPHYLL 

Ascorbic acid.—The ascorbic acid 
was extracted by disintegrating the 
plant material in a Waring Blendor. 
The extracting medium was 0.5 per¬ 
cent oxalic acid as suggested by 
Ponting (13). The ascorbic acid 
was determined by the method of 
Morell (9). A wave length of 5200 
A was used with a PC-4 filter. 
Standards containing 1 to 14 micro¬ 
grams of ascorbic acid per ml. were 
used. 

Chlorophyll.—The chlorophyll was 
determined by the method of Comar, 
Benne, and Buteyn (13). The 
chlorophyll was extracted by disin¬ 
tegrating the tissue in 85 percent 
acetone with a Waring Blendor. A 
wave length of 6600 A was used with 
a PC-5 filter. 
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CHEMISTRY 

ELECTRONS AND REDOX EQUATIONS 

C. W. BENNETT 

Western Illinois State Teachers College, Macomb, Illinois 

We are told that electrons are real 
entities but of such nebulosity that 
they can best be characterized by a 
mathematical equation. Yet we 
grass-roots chemists glibly talk of 
electrons as if they were little hard 
particles with a definite volume, 
shape and smooth surface. In fact 
it seems to me that we use them 
about like one would a coinage of 
negative pennies for settling inter¬ 
atomic debts. With such usage a 
few errors have crept in which I 
should like to point out. 

It is commonly taught and cor¬ 
rectly so, I believe, that oxidation 
represents a loss of electrons while 
reduction represents a gain. This is 
obvious in the case of a piece of zinc 
metal used as the negative pole of 
voltaic cell: 

Zn->Zn++ + 2e. 
The zinc metal gains two points in 
valence and loses two electrons. 
While at the positive pole, let us as¬ 
sume that cupric ions are accepting 
electrons to form copper metal: 

Cu++ + 2e-> Cu. 
(Of course, in this day and age of 
precise formulation we understand 
that all ions in solution are solvated 
and that Zn (H20)4++ and 
Cu(H20)4++ would more correctly 
express the cations involved.) 

The ion-electron method of bal¬ 
ancing redox equations has been 
wfidely accepted. We shall use this 
method to trace the migration of 
electrons during the oxidation of 
hydrochloric acid by KMn04. The 
unbalanced orthodox equation is: 

KMn04 + HC1-> KCl+MnCl.,+ 
Clo + H20. 

The ion-electron method recognizes 
that any permanganate and any 
soluble chloride in the presence of 
acid will react in a similar fashion. 
Therefore it is actually a reaction of 
the Mn04 ion, the H+ ion and the CI“ 
ion. The K+ ion is an innocent by¬ 
stander and may be omitted 
from such an equation. The per¬ 
manganate ion is obviously the oxi¬ 
dant and obviously forms mangan¬ 
ous ions: 

Mn04“ -> Mn+\ 
The oxygen in the Mn04“ must form 
H20 which accounts for the need of 
acid or H+. In the absence of acid, 
Mn02 is formed, showing the im¬ 
portance of H+ in the equation. (Of 
course H+ is more correctly written 
H30+ but H+ is used for simplicity.) 
Now we are ready to continue with 
our balancing: 

H+ + Mn04“-> Mn++ + H20 
The four oxygens would yield 4H20 
which would call for 8H+: 
5e + 8H++Mn04--> Mn+++4H,0 
The reductant equation is much 
simpler: 

2C1-> Cl2 2e. 
Here we have added two electrons to 
the right to make that side have two 
minus charges as the left already 
had. 

Next, since electrons obey the law 
of conservation of matter we must 
have the same number of electrons 
leaving the reductant as are taken j 
up by the oxidant. The lowest com¬ 
mon multiple of 2 and 5 is 10. The ; 
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oxidant equation is multiplied by 2 
and the rednctant by 5: 
2 (5e + 8H+ + Mn04'-» Mn++ + 

4H90) 
5 (2C1--> Cl2 + 2e) 

or 
lOe + 16H+ + 2Mn04"-> 

2Mn++ + 8H20 
10C1" -> 5 Cl2 + 10e 
16H++ 10C1~ + 2Mn04" 

-» 2Mn++ + 5C12 + 8H20 
When this same equation is balanced 
by the valence change method one 
finds that Mn loses 5 points of va¬ 
lence, going from +7 in IvMn04 to 
J-2 in MnCl2 and that the 5 points 

loss is numerically equal to the num¬ 
ber of electrons gained BY THE OX¬ 
IDANT in the ion-electron method 
just shown. Also each Cl gains one 
point in valence. Now some teachers 
and some texts* argue that a loss in 
valence is a gain of electrons so that 
we can say if the Mn loses 5 points 
of valence it thereby gains 5 elec¬ 
trons. However our ion-electron 
oxidant equation shows that the 
MnOf ion in the presence of the H* 
gains the 5 electrons and not just 
the manganese atom. Let us study 
the electronic structure of the two 
ions involved: 

One can see that the Mn nucleus in 
the permanganate ion is surrounded 
by shells of 2, 8, and 8 electrons 
and is sharing 8 more with 4 oxy¬ 
gens making a total of 26 electrons 
while the manganous ion has shells 
2, 8, and 13 electrons making a total 
of 23 (it having become deficient 
two electrons from a metallic man- 

ganense atom with 25 electrons and 
so has a charge of +2). It is there¬ 
fore difficult to see how anyone can 
say that the Mn, itself, gains 5 elec¬ 
trons but it is easy to demonstrate 
that if each pair of H+ ions removes 
an oxygen from the permanganate, 
8 valence electrons will be required 
for each of the four H20 molecules 

*See reference No. 4a for an example of this misconception. 
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formed as well as 2 each for the in¬ 
ner shell. With the original 26 elec¬ 
trons surrounding the Mn nucleus 
and the 6 valence electrons of each 
of the 4 oxygen (and the 2 inner 
shell electrons of the oxygens) we 
have 26 -f- 32 or 58 electrons sup¬ 
plied by the Mn04~ but the 4H20 
required 10 each and the Mn++ ion 23 
or a total of 63. Thus 5 electrons 
must be added from an outside 
source (reductant.) But the 5 elec¬ 

trons are used up by the reactants 
on the left working together and not 
bjr the manganese alone. 

A simpler but just as interesting 
case is the reduction of nitrate ion in 
acid solution to ammonium ion: 
8+10H++N(V -» NH4++3H20 

The electronic configuration here 
can be limited to the valence elec¬ 
trons since no transition element is 
involved: 

o T 

°o°o 
oo ,°*° 

o _ O K 

. 0 - N„ -> 

H 

• « 
H : N ; H 

0 o * o 
o O ° 

K • 
0 o 
0 H 

_ _ _ _ 

It will be seen that in each case 
the N atom is surrounded by 8 elec¬ 
trons. The ion-electron equation 
shows that 8 electrons are gained 
by the 10 H+ and the NOf and the 
valence change method will show 
that 8 points in valence are lost by 
the nitrogen atom, which careless 
ones translate into a gain of 8 elec¬ 

trons by the nitrogen 
Therefore we should reject the 

method sometimes taught of balanc¬ 
ing Redox equations which leads one 
to say “N loses 8 points in valence 
so it gains 8 electrons.” One should 
not mix up valence-change, an 1880 
concept, with a modern concept like 
electrons. 
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SOME TRISUBSTITUTED BENZOTRIFLUORIDES* 

G. C. FINGER and MARTIN KNELL 

State Geological Survey, XJrlana, Illinois 

A number of highly fluorinated 
aliphatic compounds have been 
known for some time, especially, 
some of the chlorofluoro derivatives 
of methane and ethane. Due to 
their unique properties they have 
found commercial application as re¬ 
frigerants, as propellants in “bug 
bombs,” as gaseous and liquid die¬ 
lectrics, and in the synthesis of some 
very unusual polymers. These dis¬ 
coveries and applications warrant 
research in other types of com¬ 
pounds. Almost immediately the 
field of aromatic compounds sug¬ 
gests itself. Very few polyfluorides 
of such simple molecules as benzene 
and toluene have been described in 
the literature. The synthesis of two 
difluorobenzotrifluorides by Finger 
and Reed1 in the Survey labora¬ 
tories immediately brought requests 
for samples and for further informa¬ 
tion on these and other aromatic 
compounds. This paper represents 
a preliminary report on some of the 
intermediate compounds studied in 
trying to find an appropriate syn¬ 
thesis for a trifluorobenzotrifluoride. 

The synthesis of higher fluorin¬ 
ated aromatic compounds presents 
two problems; (1) the usual fluorine 
substitution reactions tend to be in¬ 
operative as the degree of substitu¬ 
tion increases, and (2) it is neces¬ 
sary to know the exact structure of 
the final compound in order to eval¬ 
uate it properly. Ordinarily the 
second problem is solved if the struc¬ 
ture of the compound just preceding 
the introduction of a fluorine atom 
is definitely known. These facts are, 

more or less, illustrated in this pre¬ 
liminary report. 

As a first approach to a probable 
synthesis of a trifluorobenzotrifluor¬ 
ide, 2-acetylamino-5-fluorobenzotri- 
lluoride (I) was used as the starting 
compound. This compound was 
available in the Survey laboratories 
as a result of some previous work1. 

The nitration of (I) followed 
by hydrolysis of the acetyl group 
gave 2-amino-3-nitro-5-fluorobenzo- 

trifluoride (IH) • This was the com¬ 
pound desired although on a theo¬ 
retical basis two other isomers could 
be formed, namely, the nitro group 
could have entered also into the 4 or 
G positions. These isomers were not 
isolated although they may have 
been present in small amounts. The 
structure of compound (III) was 
established by conversion to 2, 3- 
dip h e ny 1 - 6 - fluor o-8-tr ifluoromethy 1- 
quinoxaline (Y). After having estab¬ 
lished the structure of 2-amino-3- 
nitro-5-fluorobenzotr ifluoride (III), 
it appeared that this nitroamine 
may be the basis for the synthesis of 
2,3,5-trifluorobenzotrifluoride. 

Attempts to apply the Schiemann 
reaction, in the usual way, to 2-ami- 
n o-3-n i t r o-5-fluorobenzotrifluoride 
(III) so as to obtain 2,5-difluoro- 
3-nitrobenzotrifluoride failed. The 
nitroamine appears to be only slight¬ 
ly basic although it forms an amine 
hydrochloride in concentrated hy¬ 
drochloric acid; the hydrochloride 
can also be formed in absolute ether 
by passing in dry hydrogen chloride. 
Indications are that diazotization 
did take place; however, when 

Published with the approval of the Chief, Illinois State Geological Survey. 
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sodium fluoborate was added a pre¬ 
cipitate of sodium chloride and 
sodium fluoborate was formed. 

Although these results did not 
achieve the original objective, the 
nitration data is significant in pre¬ 
dicting the results which may be 
obtained in nitrating 2,5-difluoro- 
benzotrifluoride. The orientation 
factors are, more or less, the same 
thus lending credence to the forma¬ 
tion, of 2,5-difluoro-3-nitro-benzotri- 
fluoride as the chief product. The 
nitration of 2,5-difluorobenzotrifluo- 
ride gave a nitro compound and its 

composition was established through 
the acetyl derivative of the amine 
resulting from reduction. There¬ 
fore, it is possible to assign a struct¬ 
ure with some supporting evidence 
even though a more positive proof 
is necessary. The nitro compound 
is being studied further as to its 
structure and properties. 

The authors are indebted to Dr. 
F. H. Reed, chief chemist, for sug¬ 
gestions, and to Mr. H. S. Clark, 
microanalyst, for the analyses in 
this investigation. 

EXPERIMENTAL 

2-Amino-3-nitro-5-fluorol>enzotrifluor- 
ide (III).—Twenty grams of 2-acetyla- 
mino-5-fluorobenzotrifluoride1 (I) was 
dissolved in a mixture of 150 g. of 
concentrated sulfuric acid and 30 g. of 
glacial acetic acid at room temperature. 
After cooling to 10°, a solution of 12.6 
g. of fuming nitric acid (sp. gr. 1.49- 
1.5) in 25 g. of concentrated sulfuric 
acid was added slowly with stirring, 
and the temperature maintained at 10- 
20° for ninety minutes. The reaction 
mixture was poured slowly into an ice- 
water mixture giving a white precipi¬ 
tate. After filtering and drying, the 
yield of crude product was 17 g. This 
crude product was found to be chiefly 
2-acetylamino-3-nitro-5-fluorobenzotriflu- 
oride (II) upon recrystallizing a sam¬ 
ple from 50 percent aqueous ethanol. 
The crude material was heated on a 
water bath for one hour with 50 cc. of 
concentrated sulfuric acid, and poured 
into an ice-water mixture giving the 
crude nitroamine as a yellow precipi¬ 
tate. After filtering and drying, recrys¬ 
tallization from 60 percent aqueous 
ethanol gave 11.5 g. (57 percent) of 
2-amino-3-nitro-5-fluorobenzotrifluoride 
(III) as yellow needles, m.p. 68-69°. 

Anal. Calculated for C7H4F4N202: C, 
37.51; H, 1.8; N, 12.50. Found: C, 
37.63; H, 1.85; N, 12.56. 

The acetyl compound (II) upon re¬ 
crystallization from 50 percent aqueous 
ethanol gave white needles, m.p. 179.5- 
180°. 

Anal. Calculated for C9HfiF4N203: C, 
40.61; H, 2.27; N, 10.53. Found: C, 
40.70; H, 2.26; N, 10.45. 

2,3-Diphenyl-6-fluoro-8-trifluoromethyl- 
quinoxaline (V).—To a refluxing solu¬ 
tion of 2 g. of 2-amino-3-nitro-5-fluoro- 
benzotrifluoride (III) in 100 cc. of 50 
percent aqueous acetic acid, 6 g. of 
powdered zinc was added in small por¬ 
tions. After the mixture was light yel¬ 
low in color, the unreacted zinc was re¬ 
moved by filtration. The 2,3-diamino- 
5-fluorobenzotrifluoride (IV) was not 
isolated. 

To the filtrate was added slowly, a 
warm solution containing 30 cc. of 40 
percent aqueous sodium bisulfite, 3 g. of 
benzil, and 40 cc. of ethanol. The yellow 
flocculent precipitate which formed was 
removed by filtration, washed, and 
dried. Recrystallization from methanol 
gave 2,3-diphenyl-6-fluoro-8-trifluorome- 
thylquinoxaline (V) as white needles, 
m.p. 133-133.5°. The formation of the 
quinoxaline proved the adjacency of the 
nitro and amino groups in III. 

Anal. Calculated for C21H,.,F4N,: C, 
68.48; H, 3.28; N, 7.61. Found: C, 
68.46 H, 3.28; N, 7.74. 
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Diazotization of 2-Amino - 3-nitro - 5- 
fluo7'ol)enzotrifluoride (III).—Attempts 
were made to diazotize 2-amino-3-nitro- 
5-fluorobenzotrifluoride (III) under a 
variety of conditions. The amine hydro¬ 
chloride may be formed in concentrated 
hydrochloric acid or by dissolving the 
nitroamine in absolute ether and pass¬ 
ing in anhydrous hydrogen chloride. In 
a concentrated hydrochloric acid solu¬ 
tion, the amine hydrochloride appears to 
diazotize slowly with sodium nitrite to 
give a clear solution. Upon the addition 
of a strong sodium fluoborate solution, 
a white precipitate of inorganic salt 
(probably sodium chloride or sodium 
fluoborate) was formed. Diazotization 
with nitrosyl sulfuric acid in the pres¬ 
ence of phosphoric acid2 or glacial acetic 
acids or 60 percent fluoboric acid failed 
to give a diazonium fluoborate. 

2,5-Difluoro-3( ? )-nitrobenzotri fluoride. 
—To a mixture of 40 cc. of fuming sul¬ 
furic acid (40 percent S03) and 19.3 g. 
of fuming nitric acid (sp. gr. 1.49-1.5), 
18.3 g. of 2,5-difluorobenzotrifluoride was 
added at such a rate with stirring that 
the temperature was maintained at 50° 
for ninety minutes. The entire reaction 
mixture was poured into an ice-water 
mixture, and the crude nitro compound 
was isolated as a heavy yellow oil. The 
crude yield was' 14.8 g. or 62 percent. 
A preliminary fractional distillation 
showed that 2,5-difluoro-3(?)-nitrobenzo- 

trifluoride boils about 191-192° or 91.5- 
92.5°/19 mm. The sample was not pure 
indicating the possible presence of 
isomers and also a trace of a dinitro 
derivative. 

A small sample of the crude nitro 
compound was reduced with iron filings 
in an ammonium chloride (0.78 N) solu¬ 
tion4 to the amine. The amine was 
isolated as an oil, and converted to the 
acetyl derivative by the usual method. 
Recrystallization from high-boiling pe¬ 
troleum ether gave 2,5-difluoro-3 (?)- 
acetylaminobenzotrifluoride as white 
needles, m.p. 104.5-105.5°. 

Anal. Calculated for CyH6F5NO: C, 
45.20; H, 2.53; N, 5.86. Found: C, 
45.33; H, 2.43; N, 5.82. 

SUMMARY 

2-Amino-3-nitro-5-fluorobenzotri- 
fluoride was synthesized from 2- 
acetylamino-5-fluorobenzotrifluoride. 

Attempts to convert 2-amino-3- 
nitro-5-fluorobenzotrifluoride to 2, 
5-difluoro-3-nitrobenzotrifluoride by 
the Schiemann reaction failed. 

The nitration of 2,5-difluoroben¬ 
zotrifluoride gives a nitro compound 
which is probably 2,5-difluoro-3- 
nitrobenzotrifluoride. 
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THE ELECTRON MICROSCOPE AS A TOOL IN 
CHEMICAL RESEARCH 

ROBERT B. FISCHER 

Noyes Laboratory, University of Illinois 

The electron microscope has be¬ 
come firmly established as a research 
instrument in many of the leading 
laboratories in this country since its 
introduction just a few years ago. 
Much research has continuously been 
done on the instrument itself. Most 
cf the early research involving the 
instrument was, of course, of an ex¬ 
ploratory nature in order to ascer¬ 
tain just what it could do. In very 
recent times, however, the electron 
microscope has assumed an impor¬ 
tant position as a research tool and 
has in several instances become of 
use in routine control work of a less 
fundamental nature. The two main 
advantages of the electron micro¬ 
scope over the conventional optical 
microscope are the large useful mag¬ 
nification and the great depth of 
focus which the new instrument 
makes possible. 

In order for the eye to see an 
object, its image must subtend an 
angle of at least 1.4 minutes at the 
eye. Since the average person can 
not focus his eye on anything closer 
than ten inches, it may be derived 
that the smallest object which can 
be seen by the unaided eye is 0.1 
millimeter. 

It was shown some years ago by 
Abbe and others that a microscope, 
no matter how perfect it may be, can 
not separate two points at a distance 
apart of less than about one-half the 
wave length of the light. This means 
that a microscope using visible light 
can not resolve two points closer 
together than 2000 angstrom units. 
In view of this fact it follows that a 
manification of 0.1 mm. -j- 2000 A0, 

or 500 times, is the maximum useful 
magnification of the optical micro¬ 
scope; this simply means that at a 
magnification of 500 times the maxi¬ 
mum of detail is visible. Of course 
it is often convenient to use magni¬ 
fications two or three times greater 
than that simply to ease eye-strain. 
Because ultra-violet light has a 
wave-length approximately one-half 
that of visible light, the closest prox¬ 
imity of two points for resolution in 
an ultra-violet microscope is about 
one-half that for a visible light 
microscope, and the corresponding 
maximum useful magnification is 
about 1000 diameters. 

The depth of focus is inversely 
proportional to the numerical aper¬ 
ture of a lens. Glass optical lenses 
may have a numerical aperture of 
about one, with a corresponding 
depth of focus of 0.04 microns. 

In order to increase the available 
useful magnification it was neces¬ 
sary to find some type of light-beam 
with a still shorter wave length. The 
development of the field of electron 
optics has fulfilled this need. The 
wave length of an electron beam 
was shown to be dependent upon the 
accelerating voltage, and to have a 
value of 0.05 angstrom units for a 
sixty kilovolt beam. Furthermore, 
axially symmetrical electromagnetic 
and electrostatic fields were both 
found to be satisfactory as lenses for 
an electron beam. Thus came the 
electron microscope. 

The numerical aperture of an 
electron lens is considerably less 
than that of a glass optical lens. This 
decrease in numerical aperture is a 
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factor tending- to decrease the resolv¬ 
ing power, yet it increases the depth 
of focus. The very short wave 
length more than makes up for the 
effect of the numerical aperture on 
the resolving power, with the result 
that the electron microscope has a 
depth of focus of 1.5 microns and a 
maximum useful magnification of 
nearly one-hundred thousand. 

The electron microscope itself is 
strictly analogous to a conventional 
compound light microscope. Each 
type of instrument has a light 
source, a condenser lens to line up 
the light beam on the specimen, a 
specimen chamber, an objective lens, 
a projector lens or an eye-piece, and 
some means for observing or record¬ 
ing the image. In the light micro¬ 
scope the lenses are of glass, the 
light source is of visible light and 
the observation is directly by eye 
or on a photographic plate; in the 
electron microscope the light source 
is a hot filament boiling off electrons 
while the lenses are either electro¬ 
static or electromagnetic fields, and 
the observation is visually of the 
image on a fluorescent screen or may 
be on a photographic plate. 

The magnification of an electron 
lens is goverened by two factors, the 
speed of the electrons going through 
and the strength, of the lens field. 
These factors are in turn governed 
by the electron beam accelerating- 
potential and the current passing 
through the lens coil in an electro¬ 
magnetic instrument. Therefore 
these quantities must be kept per¬ 
fectly constant; electronic regula¬ 
tion provides a consistancy of within 
0.005 percent. In the electrostatic 
instrument these two factors affect 
the lens oppositely so that slight 
variations in operating potentials 
do not affect the lens operation. 
Therefore precise voltage and cur¬ 
rent regulation is not necessary in 
the electrostatic instrument. How¬ 

ever, the better results have been 
obtained with the electromagnetic 
instrument; nevertheless both sys¬ 
tems are in fairly wide use. 

Because electrons are widely scat¬ 
tered by air, the electron microscope 
must be kept evacuated during 
operation to about 1(T4 millimeters. 
A mechanical forepump and an oil 
diffusion pump are continuously ap¬ 
plied to the microscope column dur¬ 
ing operation. 

The usefulness of the electron 
microscope has been increased by 
further development in instrumen¬ 
tation within the field of electron 
optics. Several models of micro¬ 
scope have been built by manufact¬ 
urers. A small instrument is avail¬ 
able for many control purposes, us¬ 
ing a constant magnification and not 
having the versatility of a more elab¬ 
orate instrument. Experimental 
models with higher accelerating po¬ 
tentials have been constructed in a 
few commercial and university lab¬ 
oratories, and a scanning instrument 
for studying surfaces of electron 
opaque materials has been investi¬ 
gated on an experimental basis. It 
was a logical development to com¬ 
bine electron diffraction apparatus 
with the electron microscope, and 
such dual apparatus is commercially 
available. 

One of the more promising allied 
developments in the field of electron 
optics is the electron microanalyzer. 
It makes possible the chemical iden¬ 
tification of an extremely minute 
section of a specimen. An electron 
probe is directed onto the desired 
portion of the specimen, the elec¬ 
trons then losing energy in accord¬ 
ance with the substance which they 
hit. The beam, after passing through 
the specimen, is magneticalty spread 
out into its constituent energy por¬ 
tions, which may then be recorded 
photographically. T h e resultant 
spectrum reveals the chemical iden- 
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tity of the elements which were en¬ 
countered by the electron probe. It 
will be possible to combine this tech¬ 
nique with the electron microscope 
so that the desired portion of the 
specimen may be selected visually. 

The scientific literature of the past 
few years has contained many re¬ 
view articles of electron microscopy, 
and it has also contained many arti¬ 
cles discussing specific applications 
of electron microscopy. A very ex¬ 
cellent general bibliography of the 
subject has been prepared by C. 
Marton and S. Sass, J. App. Phys., 
14, 522 (1943) and ibid 15, 575 
(1944). It is the purpose of this 
present article to give several typical 
examples of the use of this new in¬ 
strument within the fields of chem¬ 
istry. These applications are not in¬ 
tended to be thoroughly discussed, 
yet they are intended to be thorough 
enough to illustrate specific exam¬ 
ples of the use of the electron micro¬ 
scope. Each of the three applica¬ 
tions described has been or will be 
presented in a more complete form 
in the literature, and all have been 
done at the University of Illinois 
under the direction of Professor G. 
L. Clark. In each case the electron 
microscope has been used to com¬ 
plete or substantiate other means of 
investigation, and is not used as an 
entity in itself. 

CARBON BLACKS AS USED IN DRY CELL 

MANUFACTURE 

One of the more important in¬ 
gredients which goes into the manu¬ 
facture of a dry cell is carbon black, 
which is a part of the manganese 
dioxide mixture forming the body 
of the cell. A thorough study of the 
requirements for such a carbon 
black has been made by use of the 
electron microscope in conjunction 
with x-ray diffraction techniques. 
(J. N. Mrgudich, R. C. Clock. Elec¬ 
trochemical Society, 86th General 

Meeting, Oct. 1944, PrePrint 86-29). 
The need for such a study became 

apparent in the early years of this 
war, when the usual type of acety¬ 
lene black became difficult and, in 
some cases, impossible to obtain. The 
conclusions of this study may be 
enumerated as follows. 

1. A suitable black must have 
particles that are adequately con¬ 
ductive ; this shows up in the x-ray 
pattern, which must show at least a 
partial grapliitization. 

2. Surface forces determining 
dispersibility must be, in a satisfac¬ 
tory black, nicely balanced between 
t lie two extremes of clumping and 
complete isolation of the particles; 
this shows up in the electron micro¬ 
scope picture, which should show 
chain-like aggregations when the 
specimens are prepared from ter¬ 
tiary butyl alcohol suspensions. 

3. A suitable black should have a 
particle size not more than 38 milli¬ 
microns ; this may be directly meas¬ 
ured on the electron micrograph. 

The results of this investigation 
may be visualized in this manner. 
The dispersibility enables a small 
amount of black to mechanically 
form throughout the Mn02 a web¬ 
like lattice of interconnecting chains, 
yet these particles must be conduc¬ 
tive themselves (graphitized), and 
they must be small enough so that 
excessive amounts of black are not 
required. Other factors, such as 
water adsorption, surface films, in¬ 
teractions between Mn02 and car¬ 
bon, etc., are ignored in this visuali¬ 
zation. Yet this method is a very 
rapid one, and results seem valid. 
An obvious objection could be raised 
to the use of x-rays instead of direct 
conductivity tests to measure partial 
graphitization; results of conductiv¬ 
ity tests, however, just do not cor¬ 
relate with the observed effectiveness 
of a black in a battery, while the 
x-ray results do. 
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This study has shown a very 
unique and effective correlation of 
research tools. It now guides the 
production of carbon blacks for dry 
cells, and shows the necessary re¬ 
quirements for an effective one. It 
provides further evidence for the 
validity of the conductive-chain 
theory of carbon black conductivity 
in the mix. 

QUENCHING OIL STUDIES 

(Ind. Eng. Chem., Anal Ed. 16 
740-745 (1944).) Aluminum alloy 
motor castings quenched in oil in a 
5000 gallon tank have exhibited in¬ 
creased internal strain with repeated 
use of the quenching oil. The 
quenching was from a temperature 
of 480°C., and apparently the oil 
became partially oxidized by use. A 
study for the evaluation of the de¬ 
terioration in the oil was made by 
Clark and Kaye at the University of 
Illinois. A spectrophotelometer was 
the basis of the study. Relative 
transmission values were measured 
for the original oil and for oils 
heated in the laboratory. From these 
data information concerning the me¬ 
chanism of the changes in the oil was 
obtained. Metals, such as aluminum, 
were found to increase the initial 
rate of oxidation, and various anti¬ 
oxidant additives were evaluated. 
Oil samples withdrawn from the 
quenching tank in the foundry re¬ 
vealed that the laboratory tests were 
truly analagous to the actual pro¬ 
cesses effective in the tank. Thus a 
good method for the evaluation of 
the oils was developed using the 
spectrophotelometer. 

The electron microscope has had 
much to do with this method, as it 
has revealed much of the actual 
mechanism behind the observed 
phenomena. Micrographs of the oil 
have shown that definite solid par¬ 
ticles are produced in the oil as it 
becomes partially oxidized. These 

particles, which are as big as 0.5 
micron, are probably low molecular 
weight polymers. Now, the spectro- 
photometric observations must be 
based upon light absorption, fluor¬ 
escence and/or scattering. The pres¬ 
ence of these particles, as proved by 
the electron microscope, indicates 
that scattering must be a major fac¬ 
tor. This means that the relative 
transmission curves must actually be 
a measurement of the amount of 
particles in the oil. The presence of 
these particles could conceivably 
have a large influence on the heat 
conduction of the oil, which is likely 
a major factor in determining the 
residual strain left in the aluminum 
casting after quenching. Further 
tests have shown that when the par¬ 
ticles are removed by filtration of 
the oil, as indicated by electron 
micrographs, the residual strain in 
the castings is less than in those 
quenched before filtration. 

Thus the electron microscope has 
revealed some of the mechanism be¬ 
hind a spectrophotometric evalua¬ 
tion of quenching oils and has aided 
in the development of a better oil. 

AGE-HARDENING OF LIGHT METALS 

AND ALLOYS 

(‘'Electron Micro radiographs of 
Light Metals and Alloys/’ Thesis, 
University of Illinois, R. B. Fischer) 
(1944). Among the most prominent 
of the light metals and alloys finding 
great use in present day manufac¬ 
ture, especially in the aircraft in¬ 
dustry is duralumin. Duralumin is 
an exceedingly hard aluminum base 
alloy containing usually four per¬ 
cent copper, and lesser amounts of 
magnesium, manganese, iron, and 
silicon. Dr. Wilm discovered thirty 
years ago that some aluminum alloys 
exhibited what is now known as age¬ 
hardening properties. A block of 

. such an alloy, when heated, quench¬ 
ed, and allowed to stand at ordinary 
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room temperatures, increased in 
hardness, as shown by any standard 
hardness testing apparatus, for a 
period of hours or even days from 
the time of quenching. Many differ¬ 
ent alloys and heat treatments were 
tried out soon after Wilm’s first dis¬ 
covery, and duralumin is a specific 
result of these investigations. No 
absolute proof of the cause nor the 
mechanism of this change was found 
at that time, and many methods of 
research were used in an attempt to 
find that cause and mechanism. For 
twenty-five years the usually accept¬ 
ed theory has been that proposed by 
Merica. 

According to this proposal, the 
copper and other minor constituents 
are largely placed into solid solution 
in the aluminum upon heating due 
to their greater solubility at high 
than at low temperatures; upon 
quenching, a supersaturated solution 
is produced; upon standing, parti¬ 
cles, chiefly of CuAL, gradually pre¬ 
cipitate from the solid solution. 
These precipitated particles serve as 
“keys” between the grains of the 
metal, thus making it harder than 
the pure metal would be. There 
should be an optimum particle size 
at which a given amount of copper, 
in the form of CuA12, would produce 
maximum hardness. This optimum 
particle size was calculated to be less 
than the upper limit of resolution of 
optical microscopes; so it was not 
alarming to find that optical metal¬ 
lurgical microscopes revealed no 
precipitated CuA12, except in cases 
of relatively soft aluminum-copper 
alloys in which the precipitated par¬ 
ticles were much larger than the 
optimum particle size referred to 
above. 

Much work has been done on this 
problem of age hardening, and con¬ 
siderable data have been amassed 
along various lines: x-raj^ diffrac¬ 
tion, hardness measurement, tensile 

strength, electrical conductivity, 
volume change, etc., all of which 
have indicated that the age harden¬ 
ing of duralumin is, to say the least, 
a very complicated and obscure 
process. 

It was natural to investigate this 
problem further with the advent of 
the electron microscope in an effort 
to detect some actual microscopic 
evidence of the processes occurring 
during the hardening or aging pe¬ 
riod. Usual methods of metallo- 
graphic study involving the use of 
plastic replicas of the metal surface, 
have not proved to be feasible in this 
particular study, so a new technique 
was developed, in which very thin 
specimens of the alloy were prepared 
and subjected to the entire heat 
treatment and aging procedure. In¬ 
terpretation of the results is diffi¬ 
cult, although some definite appear¬ 
ance of a precipitation during aging 
has been established. Thus the elec¬ 
tron microscope has at last provided 
some direct evidence that the age 
hardening of duralumin is a pre¬ 
cipitation process. 

These three examples of recent ap¬ 
plications of the electron microscope 
have illustrated several things: The 
instrument is of primary usefulness 
when used in conjunction with other 
instruments and methods of re¬ 
search ; it is of great use in practical 
industrial problems; it is of great , 
use in problems of a more academic 
nature; it has exhibited great possi¬ 
bilities as a tool in chemical re¬ 
search. 

No mention has been made of the 
use of the electron microscope in 
other fields of endeavor. Probably 
the biological subjects proved its 
greatest usefulness. The reader is 
referred to the literature, as sum¬ 
marized in the bibliographies re¬ 
ferred to above, for applications in 
this and still other fields. 
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geography 

GEOGRAPHIC PATTERNS OF ILLINOIS 

J. H. GARLAND 

University of Illinois. Urbana 

Within a state as uniform as Illi¬ 
nois, the delimitation of areas with 
sufficient homogeneity of cultural 
occupance and natural properties to 
possess unity, and yet with contrasts 
sharp enough to set them off from 
the general structure of the state is 
no small task. The map (fig. 1) pre¬ 
sents basic patterns of interrelated 
areas intended to serve as the basis 
of further field investigation and the 
preparation of detailed geographic 
studies of selected portions of the 
state. It is not to be supposed that 
this is the only geographic system 
or that each area is a faultless delim¬ 
itation; rather, it is an approach to 
the detailed geographic study of a 
state possessing the degree of simi¬ 
larities and differences found in Illi¬ 
nois. 

BASIS OF AREAL DIFFERENTIATION 

Illinois lies partly, and in a few 
instances, entirely within regions, 
provinces, or even realms of major 
proportion. Areal delimitation of 
such magnitude, which is shared 
with neighboring states, places a 
general stamp upon the state. The 
corn belt, the prairie, the humid in¬ 
terior climate, continental glacia¬ 
tion, the central dairy belt, the 
American industrial zone, and the 
like are elements in the regional per¬ 
sonality of which Illinois is a part. 
Within the state, detail that gives 
quality to the local aspect is of 
major importance; it is the spark of 
life within the broader national or 
even world framework. Thus, the 

distribution of native vegetation, 
soil, glaciation, drainage, surface 
configuration, types of farming, set¬ 
tlements, density of population, 
transportation, and the proportion 
of total population engaged in agri¬ 
culture, industry, mining, lumber¬ 
ing, and fishing are the chief items 
of local significance. No two items 
present identical state patterns, yet 
running through the innumerable 
combinations of cultural and natural 
environmental details are several 
threads of unity. In one area a 
natural feature seems to be the 
strong element of unity, in another a 
cultural condition, and in still an¬ 
other a dominant combination of 
cultural and natural elements. Thus 
the areas are delimited on the basis 
of the dominant or organizing 
features. 

MAGNITUDES OF AREAS 

The most conspicuous areal de¬ 
limitation of the state is the pres¬ 
ence of three major divisions ar¬ 
ranged in a north-south manner and 
designated, chiefly by lack of better 
terms, as Northern, Central, and 
Southern divisions. Types of farm¬ 
ing, settlement patterns, transporta¬ 
tion patterns, and climatic differ¬ 
ences, especially the length of the 
growing season, are the conditions 
upon which the divisions are based. 
A line from the Mississippi below 
the mouth of the Rock River to the 
great bend of the Illinois River to 
the Indiana state line separates the 
Northern and Central divisions, 
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Fig. 1.—Geographic Patterns of Illinois. 
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whereas, a line from the Mississippi 
at the mouth of the Illinois to the 
Shelbyville moraine to the Indiana 
state boundary separates the Central 
and Southern divisions. 

In a more detailed manner each 
division is separated into three dis¬ 
tricts and each district is reduced 
t several sections. In general the 
division falls into homogeneous dis¬ 
tricts in an east-west manner. The 
Northern division conveniently 
breaks into the Metropolitan district 
from the Fox River to Lake Michi¬ 
gan and the state boundary, the 
Western district from the Rock val¬ 
ley to the Mississippi, and the Mo¬ 
raine border district between the 
Fox and Rock valleys. Within each 
district are several sections each of 
which possess sufficient cultural and 
natural environmental agreement to 
warrant the delimitation of an area 
of that magnitude. Thus the Fox 
valley is one of the sections of the 
Metropolitan district and the Mid¬ 
dle Rock valley and the JoDaviess 
hills are sections of the Western 
district. 

The districts of the Central divi- Ision are the Eastern, Southwestern, 
and Western. The Eastern district 
is enclosed by the state boundary, 
the Illinois River, and the Shelby¬ 
ville moraine. The Southwestern dis¬ 
trict lies between the Shelbyville 
moraine and the Illinois valley, 
whereas the Western is the triangle 
between the Illinois and Mississippi 
valleys. Districts such as the Grand 
prairie, the Kankakee lowland, the 
upper Illinois and middle Illinois 
valleys constitute the Eastern divi¬ 
sion. The Sangamon plain, the lower 
Illinois valley, the Galesburg prairie, 
and the Mississippi border are in the 
Southwestern and Western districts. 

In the Southern division the East¬ 
ern district extends from the Wa¬ 
bash River to the divide between the 
Kankakee and the Little Wabash 

drainage, whereas the Western dis¬ 
trict extends from that line to the 
Mississippi. The Southern district 
includes the tip of the state between 
the Ohio and the Mississippi from 
the northern edge of the Ozark hills 
southward. 

The Southern coal section, the 
Metropolitan hinterland, the Wa¬ 
bash border, and the Ozark hills are 
some of the sections constituting the 
districts of the Southern division. 
The complete area structure in pre¬ 
liminary form is as follows: 

GEOGRAPHIC PATTERNS OF ILLINOIS 

I. Northern Division 

A. Metropolitan district 
1. Chicago lake plain 
2. North shore and Border 

moraine section 
3. DesPlaines valley 
4. Lake section 
5. Valparaiso moraine sec¬ 

tion 
6. Fox valley 

B. Moraine border district 
1. Northern section (Rock 

tributary) 
2. Southern section (Illi¬ 

nois tributary) 
C. Western District 

1. Middle Rock valley 
2. Green-Rock lowland 
3. Northwestern upland 
4. JoDaviess hills 
5. Mississippi border 

(northern segment) 

II. Central division 

A. Eastern district 
1. Grand prairie 
2. Kankakee lowland 
3. Upper Illinois valley 
4. Middle Illinois valley 

B. Southwestern district 
1. Sangamon plain 
2. Lower Illinois valley 

C. Western district 
1. Galesburg prairie sec¬ 

tion 
2. Upland forest section 
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3. Mississippi border (cen¬ 
tral segment) 

III. Southern division 
A. Eastern district 

1. Wabash border 
2. Embarras—Little 

Wabash section 
B. Western district 

1. Southern coal section 

2. Metropolitan hinterland 
3. Mississippi border (up¬ 

per southern segment) 

C. Southern district 
1. Ozark hills 
2. Mississippi border 

(lower southern seg¬ 
ment) 

3. Ohio border 
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GEOLOGY 

MINIATURE FOSSIL CONCRETIONS OF MAZON CREEK 
RAYMOND E. JANSSEN 

Marshall College, Huntington, West Virginia 

The Mazon Creek area in north¬ 
eastern Illinois has long been recog¬ 
nized as one of the world’s most 
famous localities for Pennsylvanian 
flora. Here the superb fossil impres¬ 
sions are preserved in ironstone con¬ 
cretions, or nodules, of exceptional 
interest. 

Since isolated plant fragments 
have here acted as nuclei around 
which the concretions have formed 
the concretions roughly approximate 
the sizes and shapes of the enclosed 
fossils. The smallest nodules are 
round or oval in shape and are 
about the size of a marble or walnut. 
The larger ones are usually ellipti¬ 
cal, being several times longer than 
wide, with maximum lengths of 
twenty inches or more and widths 
up to six inches. The larger ones 
generally contain complete plant 
parts, such as fern pinnae, leafy 
tree twigs, or sections of trunk. The 
smaller ones contain single or ulti¬ 
mate units of plant parts, such as 
pinnules, small pinnae from term¬ 
inal portions of fronds, buds, seeds, 
or immature organs. Since the larger 
concretions contain the larger, more 
complete fossils, more attention has 
been given to them in studies of the 
fossil plants. The tiny ones, how¬ 
ever, are equally interesting because 
the fossils preserved in them are sim¬ 
ilar in quality to the larger ones, 
Also, some kinds of plant parts, such 
as seeds and pinnules, by their very 
nature of being small in size, may 
be found abundantly in the smaller 
nodules, and be rare in those of large 

or average size. 

In order to evaluate the variety 
of flora represented in the small, or 
so-called miniature, concretions, a 
study was made of an assemblage 
totalling 440 miniatures. For the 
purpose of this study, only those 
nodules measuring less than one and 
three-quarters inches in greatest 
diameter were considered. For the 
most part, however, their dimensions 
were considerably smaller. These 
were collected at various times over 
a period of several years from the 
strip-mining shale heaps of the 
Northern Illinois Coal Corporation’s 
workings in Will and Grundy coun¬ 
ties. The genera of plant fragments 
found in them are summarized as 
follows: 

Fern foliage; pinnules and small pinna: 
Neuropteris . 168 
Asterotheca . 80 
Ptychocarpus . 28 
Alethopteris . 18 
Diplothmema . 7 
Sphenopteris . 5 
Odontopteris . 1 

Total fern foliage. 307 

Calamites rushes: 
Calamites stems . 3 
Annularia leaflets . 74 
Asterophyllites leaflets. 4 
Paleostachya cone . 1 
Macrostachya cone . 1 

Total Calamites . 83 

Lycopodiales tree fragments: 
Lycopodites leafy stems. 3 
Lepidostrobophyllum bracts. 21 
Lepidophyllum leaves. 4 

Total Lycopodiales . 28 
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Gymnospermous seeds: 
Holcospermum . 9 
Cordaicarpus . 8 

Total seeds . 17 

Sphenophyllales herb: 
Sphenophyllum leaflets . 2 
Sphenophyllum stems . 3 

Total Sphenophyllales . 5 

Total number of specimens. 440 

From the foregoing* figures, it can 
be seen that nearly 75 percent of the 
miniature concretions contain fern 
leaf foliage. Since such foliage al¬ 
ways predominates in any represen¬ 
tative collection of coal age flora, the 
Carboniferous has often been called 
the Age of Ferns. However, among 
the miniature concretions, this pre¬ 
dominance is even greater than the 
average. This can be accounted for 
by the very nature of the foliage 
itself. Because fern fronds are sub¬ 
divided numerous times into smaller 
units, called pinnae and pinnules, 
these readily fall apart after death 
of the plant and tend to become 
buried and preserved as tiny, iso¬ 
lated units. Hence they would give 
rise to unusual numbers of the tiny 
concretions. Next in order of 
abundance among the fossil minia¬ 

tures are the Annularia leaflets. 
These grew in whorls around the 
Catamites stems; hence, in falling 
apart, they too provided the nuclei 
for great numbers of small nodules. 

Rarest among these concretions, 
as a group, are those containing the 
little leaflets of Sphenophyllum. 
Their rarity, probably, is in accord¬ 
ance with the general uncommonness 
of the genus itself, rather than be¬ 
cause of the nature of the plant frag¬ 
ments. It is interesting, too, to note 
that among the various genera of 
fern foliage, Neuropteris is extreme¬ 
ly abundant, and Sphenopteris very 
rare; whereas both are quite com¬ 
mon among the larger concretions. 
This may be explained by the fact 
that the pinnules of Neuropteris 
were attached to the rachis by a 
single point, and so would readily 
fall apart after death. Those of 
Sphenopteris, however, were attach¬ 
ed by much broader bases, and would 
not separate from the stems as easi¬ 
ly. Hence, the ultimate units of 
Neuropteris would provide abun¬ 
dant miniature concretions, but the 
larger units of Sphenopteris would 
preclude abundant formation of 
miniatures. 
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PHYSICS 

TIME LOSS AT STARTING FOR A SPRINTER 
FREDERICK H. GILES 

Wheaton College, Wheaton, Illinois 

Much to the dismay of every track 
coach in this country, there seems to 
be some lag at the start of every 
race. For the shorter distances, up 
to 100 yards, any lag is of extreme 
importance because a reduction of 
1/10 of a second in the runner’s 
time is an achievement. 

That there is such a lag, and the 
extent of this time loss, is shown 
quite clearly by the graph obtained 
in the following manner. If the 
world record times for the dashes of 
various lengths are plotted against 
the distance run, the resulting chart 
will be a straight line up to the point 
corresponding to 100 yards (Fig. 1). 
After this distance, the runner 
ceases to run uniformly, and the line 
begins to curve toward the time axis. 
The points corresponding to the 40, 
50, 55, 90, and 100 yards all fall 
upon the same line. The records for 
the 60 and 70 yard runs are poor, 
but, the 60 yard record was made in 
rubber soled shoes on a cinder track, 
and the 70 yard dash was made on 
grass.1 Because the points fall upon 
a straight line, the slope, and there¬ 
fore the velocity, ds/dt, is a con¬ 
stant. This means that for short 
distances, a runner making a record 
holds a maximum speed, and this in¬ 
stantaneous velocity, ds/dt, is the 
fastest speed obtainable in the light 
of the records which are available. 
The value of this velocity calculated 
from the graph, is approximately 
37.5 feet per second. 

If the line graph is extended from 

the point corresponding to 35 yards 
to that representing zero distance, 
the line does not pass through the 
origin, but crosses the time axis at a 
point equal to 1.2 seconds. This 
may be interpreted as meaning that 
the runner who is heading for a 
world’s record, would breast the 
tape at exactly the same instant as 
a “perfect” runner who would 
stand at the starting line for 1.2 
seconds, and then instantaneously 
would begin to run at the maximum 
velocity. 

In order to determine the curve 
with which the runner accelerates, 
some method must be devised to 
record both time and distance inter¬ 
vals. It is this curve which will 
tend to bend the line on the graph 
down to the origin. The necessary 
data for the experiment were obtain¬ 
ed at the outdoor track at the college 
in the following manner. Seven 
pairs of stakes were driven in the 
ground, seven on each side of the 
track. The first pair marked the 
starting line, and the others marked 
two yard intervals, all the way out 
to twelve yards. To one of the stakes 
at the starting line was attached a 
device whereby the expanding gases 
of the starting gun would cause an 
electrical contact. On the other six 
stakes upon the same side of the field 
were attached small switches which 
would be closed by a pull upon the 
thread with which they were attach¬ 
ed to the other side of the track. 
With this arrangement of strings 
and switches, a runner would start 

1 These records were obtained from Cromwells-Championship Field and Track. 
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running, and close electrical contacts 
every six feet along the track. All 
six switches and the starting ar¬ 
rangement were connected in paral¬ 
lel in such a way that the closing of 
any one of the switches would cause 
a mark upon a moving tape in a 
Gaertner tape recorder nearby. A 
small synchronous motor was also at¬ 
tached to the recorder in a manner 
so as to transmit impulses to the 
traveling ribbon every 1/5 of a sec¬ 
ond. As a runner starts and speeds 
down the track, for the first twelve 
yards, small marks are recorded on 
the tape at the time the gun goes off, 
and every time a string is broken. 
Parallel with this series of marks, 
but removed a few millimeters are 
recorded the 1/5 second impulses of 
the synchronous motor. The ribbon 
may then be removed, and the dis¬ 
tances measured and calculated. 
When the average velocity between 
two stakes is plotted against the time 
required, there results a curve which 
starts out quite steeply, climbs stead¬ 
ily, and then tapers off to a line 
parallel with the x-axis correspond¬ 
ing to zero slope and constant veloc- 
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Fig. 1.—World record times for vari¬ 
ous races plotted against corresponding 
distances. 

0 0.8 1.2 

Fig. 2.—Velocity 
time curve from 
the average velo¬ 
cities during cor¬ 
responding time 
intervals. 

Time in Seconds 
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ity (Fig. 2). This straight line may 
correspond to any velocity and prob¬ 
ably will depend upon the man who 
is running. The constant velocity 
line will, however, never be equiva¬ 
lent to or be more than 37.5 feet per 
second, unless the runner ties or 
beats the world records up to 100 
yards. If he could keep up the rate, 
he would smash every record over 
that distance. After 100 yards, how¬ 
ever, other factors enter in and the 
runner must slow down. Some work 
has been done by others on the track 
records for distances of 200 yards 
and more.2 In this case a whole new 
set of laws come into use. No longer 
does the start have the importance 
that it does for the short distances, 
and also the body, at the end of a 
long race is almost completely ex¬ 

hausted, while this is not true for 
dash and sprint races. 

It is fascinating indeed to apply 
the laws of physics to a man who is 
straining every muscle to better him¬ 
self in the field of sports. Whole 
books could be written on the sub¬ 
ject; the force exerted by the legs, 
the horizontal and vertical compo¬ 
nent of this force, the difference in 
time caused by different running 
surfaces, and the limitations due to 
inertia might well be used as chapter 
headings in such a volume. In con¬ 
clusion, acknowledgement is made to 
Dr. Martin for his help and sugges¬ 
tions. Also to members of the Phy¬ 
sical Education Department who 
helped so freely, many thanks are 
given. 

2 Dr. Alfred W. Francis, “Running Records,” Science Magazine, October 8, 1943, pp. 315-316. 
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THEORETICAL PHYSICS AND PIONEERING 
RESEARCH IN ILLINOIS MINERALS 

ROBERT J. PIERSOL 

State Geological Survey, Urbana, Illinois 

The title of this paper has been 
deliberately worded to emphasize 
the cardinal fact that higher physics 
is universally based on theory and 
that true research possesses the es¬ 
sential pioneering quality. 

The paper is divided into two in¬ 
dependent parts; the first half con¬ 
cerns the stuff physics research is 
made of and the second half illus¬ 
trates its application to Illinois 
mineral industries. 

UNDERSTANDING OF RESEARCH 

According to Westbrook Steele, 
Executive Director of Institute of 
Paper Technology, research accomp¬ 
lishments attendant on the first 
World War led to a condition that 
might be classified as research wor¬ 
ship rather than understanding of 
research. 

Obviously a clear understanding 
of the prime ingredients of physics 
research is of higher import than the 
blind worship of research. The first 
step to such understanding is a clear 
delineation of the modus operandi of 
physics research. 

Definition of physics.—It has been 
stated that what we call physics com¬ 
prises that group of natural sciences 
which base their concepts on meas¬ 
urement and whose concepts and 
propositions lend themselves to 
mathematical formulation. This 
realm is accordingly defined as that 
part of the sum total of our knowl¬ 
edge which is capable of being ex¬ 
pressed in mathematical terms. 
With the progress of science, the 
realm of physics has so expanded 
that it seems to be limited only by 

the limitations of the method itself. 
The larger part of physical research 
is devoted to the development of the 
various branches of physics, in each 
of which the theoretical understand¬ 
ing of more or less restricted fields 
of experience and in each of which 
the laws and concepts remain as 
closely as possible related to experi¬ 
ence. It is this department of 
science, with its ever-growing spec¬ 
ialization, which has revolutionized 
practical life and given birth to the 
possibility that man at last be freed 
from the burden of physical toil. 

It is apparent that by this defini¬ 
tion physics must be regarded as in¬ 
cluding such component specialized 
fields as mechanics, electrodynamics, 
th ermody namics, hydrodynamics, 
optics, electronics, constitution of 
matter, chemical reactions, petrog¬ 
raphy, and those portions of natural 
and social sciences possible of mathe¬ 
matical formulation with resultant 
experimental verification. 

Furthermore, secondary physics 
deals mostly with statics whereas 
advanced physics is concerned ex¬ 
clusively with dynamics or flow of 
energy. 

Origin of research.—Bacon is the 
father of what is known as the scien¬ 
tific method which is the basis of 
physics research. In his Novum 
Organum, perusual of which is rec¬ 
ommended to all who aspire to re¬ 
search as a career, Bacon divides 
research into three progressive 
steps: induction, experimentation, 
and deduction. The tools of induc¬ 
tion and deduction are mathematics 
whereas the tools of experimentation 
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are instruments. Since research 
consists of a composite of these three 
steps, the absence of any one of the 
steps disqualifies the work as phys¬ 
ics research. Experimentation, un¬ 
attended by both induction and de¬ 
duction, resolves itself into routine 
testing and this is not research. Con¬ 
versely experimental research is an 
incongruity unless it is associated 
with theoretical research. 

Physics research.—Due to the 
urgency of speedy accomplishment, 
usually it becomes expedient for the 
research physicist to utilize either 
recording instruments or assistants 
to carry out the experimentation. 
Doubtless Gibbs was the most dis¬ 
tinguished of all American research 
physicists, relying almost exclusive¬ 
ly on the experimental findings of 
others. Likewise, as F. W.. Moulton 
has noted, Archimedes, Aristotle, 
Galileo, Newton, Lyell, Darwin, Dal¬ 
ton, and Mendeleef were not simply, 
or even primarily, observers; their 
active and penetrating minds grasp¬ 
ed the observational and experiment¬ 
al evidence relative to the subject in 
which they were interested and or¬ 
ganized it into coherent scientific 
thought. Synthesis or deduction is 
the final and culminating step in the 
scientific process, but may not al¬ 
ways be the product of the same in¬ 
dividual who performs the earlier 
steps. 

The present war is based on 
physics research. Conant has aptly 
designated it as the “physicist’s 
war.” H. B. Ward, Past Perma¬ 
nent Secretary of the A. A. A. S., 
expresses the belief that K. T. 
Compton, as the war organizer of 
American physics, has contributed 
more than any one else to our forth¬ 
coming victory. 

The mathematical tool. — Mathe¬ 
matics is the hand-maiclen of physics 
research. And inasmuch as physics 

deals with the flow of energy, the 
working knowledge of partial differ¬ 
ential equations is the minimum re¬ 
quirement in physics research. 

To E. B. Paine, Emeritus Head of 
the Electrical Engineering Depart¬ 
ment of the University of Illinois, 
has been delegated the task of selec¬ 
tion of war-time girl-cadets by sev¬ 
eral large industries. He finds that 
any cadet who has mastered partial 
differential equations during her 
apprenticeship becomes useful as a 
research aide, regardless of her lack 
of knowledge along all other lines. 

There exists one unfailing yard¬ 
stick for minimal ability in research 
in the aforementioned physics sci¬ 
ences. This yardstick is daily usage 
of partial differential equations. 
Those who do not possess this ability 
are superficial in research in the 
physical sciences. 

Inherent research qualities. — In 
addition to qualities which may be 
attained through training, a re¬ 
search man must be born with cer¬ 
tain inherent qualities. These in¬ 
clude character, curiosity, and sense 
of humor. 

Character may be defined as hon¬ 
esty. A. W. Hull states that in re¬ 
search the greatest scientific sin is 
wishful thinking. Rationalization 
is diametrically opposed to the spirit 
of research. 

W. R. Whitney holds the opinion 
that curiosity is the most important 
research quality. Alan Gregg, of 
the Rockefeller Foundation, states 
that if there be some measure of 
truth in the observation that chil¬ 
dren seek the unknown but adults 
fear it, then research is the fountain 
of eternal youth, for research, whose 
purpose is to meet the unknown, 
provides our minds with the peren¬ 
nial freshness and delighted curios¬ 
ity of youth. 

W. T. Chevalier believes that the 
stnse of humor is the most important 
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quality in research. The reason is 
that humor is based on incongruity 
or lack of proportion. In order to 
appreciate lack of proportion one 
must possess a keen insight into pro¬ 
portion, which is most essential to a 
research man. Eddington created 
the imaginary Scottish professor of 
Geloeology, who thoroughly under¬ 
stood the rules of this hypothetical 
science of humor, and could infalli¬ 
bly classify any kind of joke—with¬ 
out ever having seen it. 

In addition to the above three 
minimal, inborn research qualities, 
high success in research depends on 
brilliancy of imagination. 

The fruits of research.—The ac¬ 
complishments of research are in¬ 
vention. Invention may be defined 
as something new. Also invention 
includes novelty and originality in 
(a) processes, (b) equipment for 
carrying out the processes, and (c) 
products made by means of such 
processes and equipment. Often, 
and perhaps usually, inventions are 
not immediately utilized, but even¬ 
tually use is found for most, if not 
all, inventions. The basic inven¬ 
tions having to do with production 
of electricity antedated its industrial 
use by two generations. In this war, 
perhaps radar is the most important 
of all weapons; again with a genera¬ 
tion between its invention and its 
use. 

RESEARCH IN ILLINOIS MINERALS 

Having considered briefly the 
nature of physics research, attention 
now will be focused on its applica¬ 
tions to Illinois minerals. Such ap¬ 
plications may be illustrated by cit¬ 
ing a few examples. Since the re¬ 
search in Illinois minerals is most 
extensive, the limits of time permit 
only the review of selected illustra¬ 
tions, which will be confined to phys¬ 
ics research carried out by the Illi¬ 
nois Geological Survey. 

The topics for discussion comprise 
theoretical research in fields as fol¬ 
lows: heat of combustion of coal 
calculated from energy liberated 
due to interdisplacement of valence 
electrons during combustion; air 
classification of pulverized material; 
plastic flow of coal; electric conden¬ 
ser demulsification of oil; smoke in¬ 
dex as a quantitative measurement 
of the smoke content of coal; and 
effects of partial prevolatilization of 
coal and concentration of fusain on 
the smoke content of resultant 
briquets. 

Heat of combustion of coal.—The 
bituminous matter of coal consists of 
aromatic hydrocarbons with moleu- 
lar arrangement approaching that 
known for corresponding pure hy¬ 
drocarbons. By means of quantum 
mechanics, the orbits of valency 
electrons before and after combus¬ 
tion of a particular type of hydro¬ 
carbon are known and the energy 
liberated due to interdisplacement 
of valency electrons during combus¬ 
tion may be calculated. The result¬ 
ant calorific formula for bituminous 
coals is 

q = 252 [H + C/3 — 0/12.5] _ (1) 
where q is the heat of combustion in 
cal. per gr. and H, C, O are percent¬ 
ages by weight of hydrogen, carbon, 
and oxygen, respectively. 

This formula holds throughout the 
range of rank of coal from peat up 
to anthracite. In the anthracitiza- 
tion or carbonization of coal, the 
carbon changes from a hydrocarbon 
to a free carbon (carbon-carbon 
bond) and therefore the constant 
252 changes to 240. 

The oxygen in coal reduces the 
effective hydrogen in coal, which 
may be considered numerically as 
the total percentage hydrogen less 
0.08 percentage oxygen. From this 
follows the concept of a hypothetical 
pure CH coal, composed only of car- 
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bon and effective hydrogen. The 
composition of this CH coal for all 
ranks of coal from peat up to an¬ 
thracite is remarkably constant, con¬ 
sisting of 5.0 db 0.5 hydrogen and 
95.0 ± 0.5 carbon, with a calorific 
value of 9250 ± 100 cal. per gr., 
this constancy being within experi¬ 
mental accuracy. 

From this CH coal concept and 
from the constancy of composition, 
it follows that the coalification pro¬ 
cess, up to the anthracite stage, was 
carried out under conditions of geo¬ 
logic equilibria of energy level. 

Air classification. — Classification 
consists of separating a granular 
material into two (or more) screen 
sizes. Also a mixture of two mate¬ 
rials possessing different densities, 
but the same screen size may be clas¬ 
sified into its two components. Air 
classification is carried out under 
conditions of turbulent flow. The 
theory of air classification may be 
developed as follows: 

The downward gravitational force 
on a spherical particle is 

n d3 Dp g 
f=-(2) 

6 
where d, Dp are the diameter and 
the density of the particle, respect¬ 
ively. 

Newton has shown that the up¬ 
ward force is 

H d2 Dm V2 Cd 
F=- (3) 

8 
where Dm, V, Cd are the density, the 
velocity and the drag coefficient of 
the air. 

The critical velocity of the air at 
which the particle remains suspend¬ 
ed, obtained from solving the above 

4 Dp d g 

(4)J 3 Dm Cd 

Zahn has discovered the relationship 

equations, is 

between the drag coefficient and 
Reynold’s number, R, as follows: 

Cd = 28/R0-85 + 0.48 ( 5) 
Also Reynolds has shown that 

Dm Cl Vc 
R =- (6) 

V 

where v is the viscosity of the air. 
Since the drag coefficient changes 

with velocity, direct calculation of 
the critical velocity is difficult, if not 
impossible. However, a graphical 
solution may be readily obtained. 
From equations 4 and 6 

f 4 Dp g v R -i% 
and Vc = - 

L 3 (Dm)2 Cd J (7) 

3 v2 R2 Cd “V* 

L4Dpg Dm J (8) 

Then various values of Reynolds’ 
number are taken one at a time, the 
corresponding drag coefficient is cal¬ 
culated from equation 5, and a 
graph is plotted for critical velocity 
versus particle diameter. 

The resultant graph approximates 
a straight line, the equation of which 
is 

Vc = A d — B (9) 
where A is the slope of the line and 
B is the intercept. For clay parti¬ 
cles, density 1.8, the numerical val¬ 
ues of A and B are 6687 and 22.5, 
respectively. 

Air carrying capacity Ac may be 
defined as the weight (gr) of mate¬ 
rial carried upward through unit 
cross sectional area (cm2) per unit 
time (sec.). 

Experimental results show a 
straight line relationship between air 
carrying capacity and the velocity 
less critical velocity. The equation 
of which is 

Ac = K (V — Vc) (9a) 
where K is the concentration of ma¬ 
terial in the rising stream in units of 
gr. per cc. For clay the constant K, 
has a numerical value of 0.016. 
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In Illinois, air classification is be¬ 
ing used extensively in coal dedust¬ 
ing plants, in sizing of silica and 
other pulverized products. Also it 
is a potential method for dry re¬ 
moval of pyrite from ground clay. 

Plastic flow of coal.—In conjunc¬ 
tion with a project on briquetting 
Illinois coals without a binder, a 
study has been made on the plastic 
properties of bituminous coal under 
various pressures, temperatures, and 
periods of compressions. The plastic 
properties are measured in terms of 
changes in density of the briquet 
during the period of compression. 
Thus in mathematical analysis, the 
independent variables are pressure, 
temperature, and time. 

For a given temperature and time, 
experimental results show a straight- 
line relationship between the log 
density and log pressure. For vari¬ 
ous temperatures there is a family 
of straight lines meeting at a criti¬ 
cal point, representing a critical 
density, which is the pore-free dens¬ 
ity of the coal, and a critical pres¬ 
sure, which is the pressure necessary 
to produce the critical density. The 
equation of this family of straight 
lines is 

D = Dc [P / Pc]m (10) 
where D and Dc are the resultant 
density and critical density, respect- 

The critical density of various bi¬ 
tuminous coals is reasonably con¬ 
stant, with small variations due to 
variations in ash content. The criti¬ 
cal pressure increases with rank of 
coal with values of about 45,000 and 
55,000 pounds per sq. in. for Frank¬ 
lin County, Illinois, and West Vir¬ 
ginia Pocahontas, respectively. 

Inspection of equation 14 shows 
that, in the formation of a dense 

ively, P and Pc are the applied pres¬ 
sure and critical pressure respective¬ 
ly, and the exponent m is the slope 
of each line of the family, with a 
value dependent on temperature 
and time. 

For a given time, experimental 
results show a.straight line relation¬ 
ship between the exponent m and 
the fourth power of the absolute 
temperature. The equation of this 
line is 

m = F — n T4 (11) 
where F is the Y-intercept and n is 
the slope of the line. 

For various periods of time, ex¬ 
perimental results show a straight- 
line relationship between the slope 
n and the logarithm of the time. 
The equation of this line is 

n = Gr + p log t (12) 

where G is the Y-intercept and p is 
the slope of the line. 

Combining equations 10, 11 and 

D_D. [ P/P.]P-T'[«+Pl»^] 

(13) 
The constants in this equation 

possess values characteristic of 
various types of bituminous coals. 
The values for an Illinois coal in the 
Belleville district is Dc, 1.32; Pc, 
25,100 pounds per square inch; F, 
0.175; G, 0.0; and P. 2.21 XlO13. 
Therefore 

(14) I 
briquet, the pressure and tempera¬ 
ture are dominant factors, the pe¬ 
riod of compression being relatively 
unimportant. 

Electric condenser demulsification 
of oil.—In oil fields nearing deple¬ 
tion, the crude oil usually contains a 
water emulsion which is difficult to 
break down. The toughness of the 
emulsion is due to interfacial elec¬ 
tric charges. The conventional 

D=1.32 [ P/25100 ] 
0.175—2.21X10'13T4log-t 
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treatment has consisted of passing 
high voltage alternating current 
through the oil. Many ingenious 
electrical and mechanical methods 
have been used in an attempt to 
prevent short circuits with resultant 
explosion hazards. 

A working knowledge of electric 
potential flux indicates that it is the 
electric field (and not the electric 
current) that breaks down the emul¬ 
sion. Two types of electric conden¬ 
ser dehydrators have been designed. 
In one type the emulsified oil flows 
between two parallel sheets of glass, 
spaced about 1 cm. apart. The outer 
surface of each sheet is covered by 
foil. The two sheets of foil form the 
opposite leaves of a condenser which 
is activated by a spark coil. The sec¬ 
ond type consists of a one-inch iron 
pipe, with an axial glass covered 
electrode insulated from the pipe. 
The pipe serves as the grounded side 
of a condenser and the electrode as 
the opposite side of a condenser, 
also being activated by a spark coil. 

Smoke index method.—Prior to 
development of the smoke index 
method, there was no accurate satis¬ 
factory method for quantitative de¬ 
termination of smoke. 

The smoke index method consists 
of burning a weighed quantity of 
coal under standard conditions of 
air flow and temperature. A con¬ 
stant intensity light beam cuts 
across the smoke path. A photo elec¬ 
tric cell measures the percentage of 
light absorbed by the smoke, by 
means of a Micromax recorder. The 
smoke index numerically is the prod¬ 
uct of the percentage light absorbed 
and the time of smoke liberation per 
pound of coal. 

The smoke index tests normally 
show less than 50 percent light ab¬ 
sorption. However, if tests are made 

in excess of this density of smoke, 
then correction may be desirable due 
to Lambert’s law, which is 

I = I0ekx (15) 

where I and I0 are the transmitted 
and original light intensities, re¬ 
spectively, and x is the density of 
smoke, and k is a proportionality 
constant. 

Up to 60 percent light absorption 
there is almost a straight-line rela¬ 
tionship between percent light trans¬ 
mission and density of smoke. 

Factors affecting smoke index.— 
In preheating, prior to briquetting, 
various percentages of volatile mat¬ 
ter may be liberated from the coal 
by partial prevolatilization. If the 
percentage volatile matter in the 
resultant briquets is plotted versus 
the smoke index, a straight-line re¬ 
lationship becomes evident, the 
smoke index, dropping to zero when 
one third of the volatile matter is 
removed. 

Illinois coals are banded, one of 
the bands, often a parting plane, 
being composed of fusain which is a 
pulverant natural charcoal. The 
fusain tends to concentrate in de¬ 
duster dust, the percentage of fusain 
depending on the fineness of the 
dust. If the percentage of fusain 
in the resultant briquet is plotted 
versus the smoke index, a straight- 
line relationship becomes evident, the 
briquet being commercially smoke¬ 
less with about 15 percent fusain. 

FUTURE OF PHYSICS RESEARCH 

Physics research is cumulative, 
similar to a snow ball. Pioneering 
research, with resultant solution of 
any physics problem, opens up a 
homestead in a new territory with 
multiple research fields to be ex¬ 
plored and conquered. 
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PSYCHOLOGY AND EDUCATION 

CLINICAL PREPARATION OF TEACHERS FOR THEIR 
DIAGNOSTIC ROLE IN THE CLASSROOM 

DOUGLAS E. LAWSON 

Southern Illinois Normal University, Carhondale, Illinois 

One of the vital, as well as inter¬ 
esting trends in teacher education 
during the past decade is to be noted 
in the increased emphasis upon the 
preparation of teachers for what 
might be termed a diagnostic func¬ 
tion. 

In the full sense of this term, no 
unspecialized person is a diagnosti¬ 
cian, and there is no attempt here to 
imply that a teacher can adequately 
perform the duties that properly lie 
within the province of the medically 
trained person, the psychologist, or 
the school nurse. 

However, it is of interest to note 
that during the past fifteen years 
nearly a thousand teacher-preparing 
Institutions have established bu¬ 
reaus of child guidance, while others 
have set up various other programs 
for the preparation of teachers in 
the specialized performance of func¬ 
tions that serve a diagnostic pur¬ 
pose. 

It is the purpose of this paper to 
outline the major skills that the 
newer type of training is giving to 
teachers who formerly were taught 
merely the methods of subject-mat¬ 
ter instruction. 

In my own institution of Southern 
Illinois Normal University we have 
a Bureau of Child Guidance under 
the directorship of Dr. Wellington 
A. Thalman. If, in the present 
paper, I devote most of my attention 
to the kind of work that we are per¬ 
forming, it is because I believe that 

our own program is somewhat typi¬ 
cal in its aims and organization. 

Two major purposes are recog¬ 
nized. The first is that of preparing 
teachers for the field. The second is 
that of service to cases which appear 
before us. I propose merely to dis¬ 
cuss the former purpose, that of pre¬ 
paring teachers for improved guid¬ 
ance of their children. 

To begin with, both graduate and 
undergraduate courses have been es¬ 
tablished in the nature of research 
seminars. The prospective teacher 
is required to have a relatively 
heavy background of prerequisite 
courses in psychology, education, 
sociology, psychometric measure¬ 
ments, health education, and sociol¬ 
ogy. 

In the seminar courses, each class 
member is required to select a pa¬ 
tient. Usually the patient is one 
which has been referred to the Bu¬ 
reau by a social agency, a court, or 
a school administrator. The child is 
usually one who has failed to per¬ 
form at a satisfactory level in his 
school work. Usually there are 
complicating factors of delinquency 
and personality maladjustment. 

After the selection has been ap¬ 
proved by the director, the teacher is 
guided in the building of a case his¬ 
tory, the giving of tests, and the 
study of guidance and diagnostic 
procedures. The teacher must bring 
the patient to the Bureau, must see 
that a competent physician makes a 
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complete medical examination, must 
visit the home, and must gather data 
on the patient ’s past school record, 
medical history, family background, 
and present symptoms of maladjust¬ 

ment. 
We feel that it is wise for the 

teacher to accompany an experienc¬ 
ed social worker in the first visit to 
the patient’s home. If rapport is 
attained on this first visit, the teach¬ 
er may then make some of the sub¬ 
sequent visits alone. 

A large part of the teacher’s 
training deals with techniques of 
holding conferences with the patient 
and parents, evaluating the patient’s 
performance in the light of his 
special abilities and disabilities, and 
administering tests for the measure¬ 
ment of achievement, aptitudes, and 
intelligence. If a case appears to be 
one in which there is danger that 
damage might be done by an inex¬ 
perienced person, it is not left in the 
hands of this teacher but is handled 
by the professional members of the 

staff. 
It should be mentioned here that 

the staff which guides the learning 
teacher includes one or two physi¬ 
cians, one or two psychologists, a 
specialist in reading problems, a 
nurse, a social worker, one or two 
specialists in education and teacher 
training, and, for occasional help 
with some cases, a psychiatrist or 
some other specialist who may be 
brought in for study and staffing of 
particular cases. 

The aim of the entire program of 
training is capable of being broken 
down into three main areas, as fol¬ 

lows : 
First, the development of a ‘ ‘ clini¬ 

cal” approach in which the teacher 
will see child conduct not as an en¬ 
tity upon which she is to pass judg¬ 
ment, but as a symptom for which 
she is to seek the underlying causes; 

Second, the development of skill 
in evaluating a child’s performance 
and behavior, not in terms of stand¬ 
ard performance norms alone, but 
in terms of the child’s own previous 
performance; and 

Third, the development of skill in 
making at least preliminary diag¬ 
nosis of performance and behavior 
to find abnormalities, to suggest pos¬ 
sible causes, and to seek professional 
service in final diagnosis and 
therapy. 

The teacher not only follows the 
case through a full twelve-week pe¬ 
riod of observation and study, but 
participates in the final professional 
staffings in which the individual case 
is considered by the physicians, psy¬ 
chologists, and other staff members 
who have been working with the 
patient. 

A somewhat incidental but inter¬ 
esting aspect of the teacher’s growth 
through this kind of training is fre¬ 
quently noted in cases where a 
parent, teacher, or other person has 
mishandled a child’s problem. Our 
own record files are full of such 
cases to provide the learning teacher 
with evidence. A few illustrations 
from these files will show what is 
meant here. 

One was the case of a boy whose 
teacher was sure that he suffered 
from some kind of “degeneration” 
of his brain. The boy was in the 
fifth grade of a public school and 
was reported to be the “bully of the 
school grounds.” His teacher said 
that he could not learn and that he 
was at the foot of his class. He could 
not read. She was confident that he 
was undergoing a deteriorating pro¬ 
cess mentally; for he had been 
known as a “bright” pupil in the 
first grade and had led his class. 
Various sorts of punishment had 
been administered and he had been 
retained in his grade once. None of 
the teachers liked him. His room 



Clinical Preparation of Teachers for Diagnostic Bole 97 

teacher admitted that she couldn’t 
stand the thought of having him 
another year, for he had completely 
antagonized her. 

The boy was taken as a case by 
one of the students in the guidance 
seminar. This student saw every 
conceivable test used; saw the 
child’s responses in psychological 
interviews; saw the complete case 
history developed; and participated 
in the professional staffings. This 
student learned that the diagnostic 
approach is one which regards the 
patient’s behavior impersonally, re¬ 
gardless how much it may be calcu¬ 
lated to antagonize; and in the staff¬ 
ing this student remarked that, had 
she not had this kind of training 
experience, she would be inevitably 
inclined toward a complete loss of 
patience because of the child’s un¬ 
ruly behavior. When it was dis¬ 
covered that, during the first months 
of the second grade, this boy had 
been absent from school because of 
illness, he was immediately given a 
simple test in phonics. He was found 
to be utterly without any concept of 
phonic analysis. In fact, and almost 
unbelievably, he was unaware that 
certain letters have specific sounds. 
He did not know, for example, that 
the letter “r” could not sound like 
“b” or “n” o r “t.” Such a com¬ 
plete lack of understanding is hard 
to explain; but investigation showed 
that, in his school, all phonics are 
taught during the first six weeks of 
the second grade, the very period 
during which he was absent. His 
native intelligence was high and he 
apparently had been able to mem¬ 
orize words and word forms in the 
first grade more readily than the 
other children. But after phonics 
had been taught them, the second- 
graders were left to their own initia¬ 
tive in identifying new words; and 
when the boy returned to school, he 
found himself unable to compete 

with his classmates, who now had 
acquired an essential skill of which 
he was ignorant. 

By way of compensation for his 
loss of prestige in the recitations, the 
child apparently developed an ag¬ 
gressive tendency to play the part 
of the schoolground bully at the 
recess periods. 

The recommendation of the staff 
included a strong appeal to his 
teachers that they should do nothing 
whatsoever about this boy’s misbe¬ 
havior. He should be individually 
tutored in phonics over a period of 
some months. These recommenda¬ 
tions were carried out; and within 
six months the staff received a report 
from the fifth-grade teacher. She 
said—to quote her exact words— 
“Bobby is his old self again.” And 
she stated that, not only was he now 
near the head of his class but that, 
to her great surprise, he had ceased 
to be the bully of the schoolgrounds 
and was making friends. 

It seems needless to point out that 
a student who plans to teach chil¬ 
dren will get a point of view through 
clinical training that only such 
training can give; namely, that 
point of view which sees the child’s 
behavior, not as an entity in itself, 
but as the symptom of underlying 
causes. Thus the teacher will learn 
that behavior is not to be judged or 
punished as such but is to be studied 
clinically with a view to determining 
the caustive factors. 

A further case may be cited for 
the sake of contrast in the etiology 
of a somewhat similar problem. A 
fifth-grade boy was severely slapped 
about the face by his teacher for 
apparent refusal to cooperate in a 
timed drill test for which the teacher 
used a stop-watch. He again and 
again spoiled the experiment by de¬ 
laying his beginning of the drill 
after the teacher’s signal to start. 
The teacher complained also of the 
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boy’s ‘‘impudent” way of looking 
at her when she gave the command 
for the class to begin the drill. 

As in every case referred for guid¬ 
ance, the student member who had 
this bo}^ as a patient, saw the com¬ 
plete building of a case record, par¬ 
ticipated in the consultation with 
parents and teachers, studied the 
medical report, and interviewed the 
patient himself. The medical his¬ 
tory showed an unusual operation in 
early infancy, followed by infection 
and prolonged high fever. There 
was evidence to indicate that here 
might be a problem growing from 
purely physiological causes. Tests 
by a skilled physician and neurolo¬ 
gist showed that the boy’s case was 
one of post-encephalitic epileptiform 
behavior, explaining both his inabil¬ 
ity to react in normal time to a com¬ 
mand as well as his partially para¬ 
lyzed facial muscles which gave the 
“impudent look” that so angered 
his teacher. The result of the clini¬ 
cal staffing was that the boy was 
placed with a teacher who was given 
full information concerning his diffi¬ 
culty; and his adjustment to his 
school became very satisfactory. 

In all cases of training, the teach¬ 
er is given knowledge and experi¬ 
ence in the proper place that vision 
and hearing tests play in diagnosis 
of children’s disability diagnosis. 
The teacher, while not becoming an 
expert in the identification of dis¬ 
ease symptoms, learns to at least 
note the presence of such symptoms 
through the regular health inspec¬ 
tion and learns the proper procedure 
in isolating the child and securing 
medical aid. 

Emphasis is placed upon the 
teacher’s entire role in adjusting the 
curriculum to the child’s aptitudes 
and special weaknesses, in studying 
his vocational interests and giving 
him guidance, in adjusting the 
school’s requirements to the child’s 

intelligence, and in attempting to 
see his total personality in the light 
of all causative factors. 

In summary, it may be stressed as 
a fact of modern teacher education, 
that the past decade has seen a new 
movement in the scientific approach 
to the study of children. As a con¬ 
sequence, less emphasis is now 
placed upon subject matter as such 
and more emphasis is placed upon 
the individual child. At least eight 
hundred teacher-training institu¬ 
tions in America now have some 
kind of a guidance bureau function¬ 
ing with this purpose in mind. Their 
advent has marked a turn in the 
history of teacher preparation. Un¬ 
der this new direction the trend of 
scientific thinking is away from pun¬ 
ishment of the child and toward the 
development of a clinical approach 
to the study of his needs and his 
problems. This movement has sup¬ 
plied one of the chief characteristics 
of the newer program of teacher 
training. It is hoped that it will 
likewise supply one of the greatest 
modifications, or at least the begin¬ 
ning of modifications, in the methods 
by which teachers in our public 
schools make their professional work 
more scientific. 

When it is recalled that, of the 
forty-five million children in the 
United States, only about two thirds 
are without handicaps or abnormali¬ 
ties of some kind, the need for such 
a scientific approach in education 
becomes apparent. Some two and a 
half million children of school age 
are handicapped in some way that 
necessitates facilities for their spe¬ 
cialized education. Evidence indi¬ 
cates that not more than twelve per¬ 
cent of them are at present receiving 
such special education. These chil¬ 
dren include the blind, the near¬ 
blind, the crippled, the deaf and 
near deaf, and the speech defectives 
but do not include the mentally de- 
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fective nor those children who, by 
reason of their superior talents or 
intelligence, need special adjust¬ 
ments in their curriculums. Six 
million children are improperly 
nourished, according to a rather 
recent report to the National Coun¬ 
cil of Childhood Education; and one 
million have weak or damaged 
hearts; half a million are mentally 
retarded; three million have im¬ 
paired hearing; 300,000 are crip¬ 
pled ; one million have defective 

speech; 200,000 are delinquents; 
and 382,000 are tubercular. 

Training the teacher to recognize 
a child’s problem is, therefore, no 
mere fad of the newer program. It 
is not mere publicity. It is not just 
an attempt to streamline education 
in terms of its superficial appear¬ 
ance. It is a new effort, long over¬ 
due, to make education more of a 
science and to equip it with the 
scientific materials for its job. 
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SOCIAL SCIENCE 

SUGGESTIONS TOWARD A SOCIOLOGY OF ART 

HUBERT BONNER 

The University of Chicago, Chicago, Illinois 

Sociologists have made interesting 
studies of the hobo, the prostitute, 
the drug addict, and the criminal. 
They have made valuable contribu¬ 
tions to the subjects of population, 
social change, the family, and other 
topics of sociological interest. They 
have done less than justice, however, 
with the subject of art from a 
sociological standpoint. Art is a 
significant social phenomenon, and 
deserves the careful attention of 
students of sociology. It is a prod¬ 
uct of the social thoughts and activi¬ 
ties of men, and as such it is a vital 
reflection of the culture of a time 
and place. Art holds up a mirror, 
not to nature, but to human society. 
In contrast to the philosophical view 
of art which constructs metaphysi- 
c a 1 or epistemological theories 
around the subject, and to the psy¬ 
chological view which aims at a de- 
‘scription of art in terms of sensation 
and perception, the sociology of art 
tries to discover the social and cul¬ 
tural roots of art. It perceives the 
beauty in art, not as a metaphysical 
essence as philosophers do, nor as 
an experience that can be adequately 
measured in the laboratory as some 
psychologists would like to have us 
believe, but as a social process, a 
changing artifact conditioned by the 
prevailing institutions, mores, eco¬ 
nomic and technological develop¬ 
ments, social attitudes, and the like. 
The central task of the sociology of 
art, therefore, is to discover the 
social and cultural conditions that 
are anterior to artistic achievement 

and responsible for the body of ideas 
from which artistic culture springs. 
From this point of view an artistic 
production must always be apprais¬ 
ed in terms of the standards of the 
period in which it occurs, rather 
than by contemporary criteria. 

Among the many problems in the 
sociology of art only a few will be 
briefly outlined. 

1. Institutional aspects of art.— 
Institutional factors are all those 
formal and informal agencies in 
society which exert control over ar¬ 
tistic productions, such as customs, 
tastes, public recognition, publica¬ 
tions, art schools, museums, laws, 
etc. 

An interesting problem is the role | 
of professional criticism in art pub- j 
lications, the press, and the radio. 
Reviewers wield an influence, if not 
on the artist, then certainly upon the 
consumers of art. Music critics, 
acting as commentators at symphony 
broadcasts, can shape the musical 
tastes of their audiences. Symphony 
conductors in their capacity of se¬ 
lecting compositions, can elevate into 
famous artists composers of no great I 
merit and discourage others of great ? 
promise. 

The competitive nature of contem¬ 
porary life has not left the artist un¬ 
touched. To protect himself from 
predatory dealers and publishers the 
artist has been obliged to organize 
into associations and to secure copy- ; 
rights for his creations. This in turn : 
lias given rise to legal experts who _ 
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defend their clients against their 
dealers. The freedom of the artist is 
thus effectively curtailed. 

We do not yet know accurately 
the role of art schools, academies, 
and art galleries in artistic produc¬ 
tions. The evidence suggests that 
they force potential artists into 
predetermined molds. Art galleries 
are in a position to select the works 
of those artists which are in con¬ 
formity with their directors’ ideas 
of what is good in art. It is well 
known that the productions of dis¬ 
sident artists are frequently re¬ 
jected. 

A problem of great concern, and 
one which is in need of careful re¬ 
search, is the role of foundations in 
art. To what extent is the will of a 
donor detrimental to the free growth 
of art? We do not know precisely; 
but it is sufficient to note that donors 
frequently limit the use of their 
gifts to conditions and circumstances 
which do not operate after their 
death. 

2. Art and the economic system. 
—Art is conditioned by the economic 
circumstances under which it origi¬ 
nated. Art and material culture are 
closely associated. The incentive for 
artistic creation is greatest among 
people whose time is not entirely 
consumed in securing a mere sub¬ 
sistence. In frontier America artis¬ 
tic creation was feeble in part be¬ 
cause of the pioneer’s preoccupation 
with material survival. American, 
like all art, is associated with the 
achievement of a relatively stable 
material economy. 

Closely related to this problem is 
the relation between art and the 
class structure. If the general char¬ 
acter of cultural life is affected, as 
it seems to be, by the material rela¬ 
tions of production, then art is no 
less untouched by them. According¬ 
ly, the dominant class that controls 

and manipulates these relations will 
also influence artistic productions. 
Art is, in short, influenced by class 
relations, especially by rich and 
powerful patrons. 

3. Art, sectarianism, and the poli¬ 
tical process.—Philosophers, critics, 
and moralists have for centuries in¬ 
veighed against the “immorality” 
of art and artists. Censorship of art 
has been an important influence 
upon art. Ecclesiastical control over 
art comes readily. to mind. The 
agencies of suppression are also at 
work today. Mrs. Grundy has a 
sorry record for strangling the 
apirations of the artistic spirit. 
Literary art, especially, is often 
“made” or broken by the “guard¬ 
ians” of the moral order. 

The relation between art and poli¬ 
tical institutions has long been recog¬ 
nized. It is only recent history, how¬ 
ever, that has made us fully aware 
of the oppressive nature of political 
forces in relation to art. Commun¬ 
ism and Naziism, each in its own 
way, has crushed all dissidence in 
art. The doctrinaire intolerance of 
the Soviet dictatorship and the ruth¬ 
less suppression of all “non-Aryan’ 
art in Germany cannot be here de¬ 
scribed; their effect on art in totali¬ 
tarian countries is, however, well 
known. 

4. Art and fame.—While it is 
probably true that, in the long run, 
an artistic production of exceptional 
merit tends to achieve public recog¬ 
nition, this recognition is dependent 
considerably on social circumstan¬ 
ces. Artistic fame is social. The 
influence of the home, the school, 
and the special agencies of artistic 
training in the life of the artist must 
be taken into consideration. Fre¬ 
quently artistic fame depends upon 
influential intermediaries who can 
win favor or acclaim for a work of 
art through their prestige and an- 
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thority. Patrons, rich men, critics, 
and publishers are important factors 
in artistic recognition. A genius is, 
therefore, in great part a product of 
favorable social and cultural circum¬ 
stances. 

5. The 'personality of the artist. 
—Artists, like other people, differ 
among themselves. Despite this fact, 
however, they have characteristics 
which are more common to them 
than to non-artists. If we conceive 
of the artist as an “ideal type” or 
construct, then the real artist is a 
person who, while never merging 
with it, approximates it in various 
degrees. Again, while the personal¬ 
ity of the artist, like that of anyone 
else, is laid down early in life, his 
role and status are significantly 
bound up with his “occupation.” 
His life organization is conditioned 
by his being an artist “profession¬ 
ally.” 

The person who eventually be¬ 
comes an artist was early confronted 
by deeply personal problems which 
were pressing for solution, such as 
unrequited longings, powerful un¬ 
realized ambitions, unusual desire to 
excel, problems of inner tensions 
and conflicts, and the like. The 
“temperament” of the artist is a 
composition of hyper-activity, verbal 
outbursts, violence to or withdrawal 
from the environment resulting 
from frustration of his powerful 
wishes. These traits are hardly con¬ 
ducive to individual repose and are 
more likely than not to produce an 
unhappy artist. This is particularly 
true of the modern, in contrast to 
the ancient and the mediaeval artist; 

for the modern artist must above all 
things be original. In a world of 
rapid change there is no settled or 
prescribed meaning of life. Each 
artist has to discover it through his 
own spiritual agony. The modern 
artist, in other words, has not only 
to delineate, but to invent his own 
meaning, of existence; it does not 
come to him ready made, like Chris¬ 
tianity to the mediaeval artist. The 
need to inject order into the chaos 
of life taxes -the imagination, intel¬ 
ligence, and creative powers of the 
artist to the limit. In this situation 
the artist cannot remain conven¬ 
tional or normal. 

Among other topics in the sociol¬ 
ogy of art mention should be made 
of the following: the role of art- 
ideologies in art, the effect of scien¬ 
tific ideas on art, art as a means of 
social adjustment, the psychology of 
the creative experience, abnormality 
and the artist, psychoanalysis and 
art, the social nature of aesthetic 
appreciation, and art as social com¬ 
munication. 

This brief statement of the nature 
of the sociology of art shows that it 
is an effort to look upon artistic 
productions objectively; to make art 
amenable to rational analysis by dis¬ 
covering its social and cultural 
origins. If art has meaning, as phil¬ 
osophers tell us it does, then that 
meaning can be in large measure 
ascertained by a knowledge of the 
culture that gave it birth. A work 
of art means, from this point of 
view, what the artist intends; and 
the artist intends largely what the 
cultural values direct. Art and 
culture are thus inseparable. 
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ZOOLOGY 

ADDITIONAL NOTES ON PSEUDOSCORPIONS 
FROM ILLINOIS1 

C. CLAYTON HOFF 

Quincy College, Quincy, Illinois 

During the past year, the writer 
lias continued his studies of the 
pseudoscorpions of Illinois (vid. 
Hoff, 1944, 1945a). In the present 
paper, new records and notes, both 
descriptive and ecological, are given 
for five species. Unless otherwise 
indicated, records are based on col¬ 
lections of the Illinois State Natural 
History Survey. 

Suborder 
HETEROSPHYRONIDA 

Chamberlin 
Family Dithidae Chamberlin 

Verrucaditha spinosa (Banks, 1893) 
Chamberlin, 1929 

(Figs. 1-3) 

RECORDS : Verrucaditha spinosa 
is not an abundant species in Illi¬ 
nois. The writer has found only 
six males, two females, and one 
tritonymph in seven collections. 
Four of these collections are from 
Adams County, one collection being 
made by Rev. Edbert Long, 0. F. 
M., the others by the writer. The 
three remaining records are based 
on Illinois State Natural History 
Survey collections and include one 
collection from each of the follow- 

Co., and Madison Co. The species 
appears to have a wide range, ex¬ 
tending from the Mississippi River 
Valley eastward to the coast, but in¬ 
dividuals are nowhere abundant. 

Verrucaditha spinosa occurs al¬ 
most without exception in the debris 
and decaying wood of old stumps 
and logs, although one of the Survey 
collections was labeled “ground 
cover” and one of the Adams Coun¬ 
ty collections was made from fallen 
needles under a red cedar tree. As 
a means of recognition of this spe¬ 
cies and separation from other Illi¬ 
nois pseudoscorpions, the following 
combination of characteristics is 
helpful: about 100 heavy spines on 
the carapace, anterior margin of 
carapace bilobed, the pair of tactile 
setae of the dorsum of the chelal 
hand removed from the proximal 
margin of the hand by about one- 
fourth of the hand length, and 
spines on coxae I and II. 

MALE2: (Based on a study of 
five Illinois males cleaned iprbflpeli- 
wood creosote and mounted in Cana¬ 
da balsam.) Body length 1-1.25 
mm.; carapace with five or six well- 
developed marginal setae on each 
lobe of the anterior margin; poste- ing counties: Jackson Co., Jersey 

1 This study was aided by a grant from the American Association for the Advancement of Sckmce 
through the Illinois State Academy of Science. The writer is deeply indebted to l)r. J. C. Chamberlin 
for the privilege of examining and recording herein the Illinois pseudoscorpions in his private collect or . 

2 While the present publication was being prepared, the writer received from Dr. J. C. Chamberlin a 
manuscript copy Pof a paper written by Dr. Chamberlin and scheduled to appear soon in the University 
of Utah Series^ In this paper, Dr. Chamberlin gives an excellent description of I. spinosa. In order to 
indicate de limits of variation in our Illinois specimens the present writer gives. here a short descrip¬ 
tion of F. spinosa even though it duplicates to some degree the description being published by Dr. 

Chamberlin. 
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rior carapacal margin with 8-10 
setae; total setae on carapace 95-110, 
usually about 100; length of cara¬ 
pace between 0.4 and 0.45 mm., usu¬ 
ally closer to the latter; greatest 
width of carapace about 0.36 mm. 
Tergites except the first with a 
double row of setae; formula3 for 
tergal chaetotaxy of first six tergites 
as follows: 10-11:3-4/11-13:3-5/10- 
13 -2-6/11-13 :5-8/ll-15 :6-9/ll-14. 

Chelicera stout; length 0.22-0.25 
mm., base 0.125-0.135 mm. wide; ex¬ 
ternal or dorsal surface often bear¬ 
ing many minute spinules, ventral 
surface smooth; movable finger sub¬ 
equal to the width of the base; base 
with either five or six setae, the right 
and left chelicerae of the same indi¬ 
vidual often exhibiting this varia¬ 
tion ; serrula exterior with 15 ligu- 
late plates. 

Palp with granulate surface; 
setae numerous; trochanter usually 
between 0.145 and 0.16 mm. long, 
width 0.095-0.105 mm., length 1.5 to 
1.65 times the width; femur 0.4-0.46 
mm. long, 0,09-0.105 mm. wide, 
length 4.4 to 4.7 times the width; 
tibia 0.195-0.215 mm. long, width as 
in the femur, length 2.05 to 2.15 
times the width; chela including 
pedicle 0.6-0.7 mm. long, 0.11-0.13 
mm. wide; length usually 5.1 to 5.2 
times the width but in one individ¬ 
ual 5.5 times; depth of chela sub¬ 
equal to the width; length of hand 
with pedicle 0.23-0.27 mm.; length 
of movable finger 0.36-0.42 mm. 
Fixed finger with 10 to 12 well¬ 
spaced and acute teeth along the 
distal half of the finger and usually 
18 to 20 (in one individual only 14) 
subcontiguous and contiguous teeth 
placed more proximal; movable fin¬ 
ger with 28 to 30 flatly rounded and 

more or less contiguous teeth. Tac¬ 
tile setae as indicated in figure 2. 

Legs of first pair almost smooth, 
distal three podomeres very seta¬ 
ceous ; pars basalis subcylindrical, 
0.24-0.265 mm. long, length a little 
more than four times the depth; 
pars tibialis with both margins 
slightly convex to almost straight, 
length 0.17-0.18 mm., 3 to 3.4 times 
the depth; tibia subcylindrical, 
0.135-0.155 mm. long, 3.2 to 3.6 
times the depth; tarsus a little 
curved in some individuals, 0.24- 
0.28 mm. long, depth 0.34 0.35 mm., 
length between 7 and 8 times the 
depth. Each coxa of the first and 
second legs with a cteniform row of 
four or five ligulate and terminally 
incised spines. Fourth leg with 
tibia, pars tibialis, and metatarsus 
very granular; setae abundant es¬ 
pecially on the distal podomeres; 
pars basalis with almost straight to 
weakly convex flexor margin, exten¬ 
sor margin markedty convex, length 
0.17-0.195 mm., 1.3 to 1.4 times the 
depth; pars tibialis with both mar¬ 
gins a little convex, the extensor 
flatly so, length 0.21-0.24 mm., about 
1.8 times the depth; tibia with flexor 
margin evenly convex, extensor mar¬ 
gin distally straight, length 0.27-0.3 
mm., 3.85 to 4.05 times the greatest 
depth just distal to the center; meta- 
tarus subcylindrical, 0.125-0.14 mm. 
long, about 2.8 times the depth; te- 
lotarsus 0.27-0.32 mm. long, 8 to 
8.5 times the depth. 

FEMALE : (Description based on 
two females.) Much like the male 
except slightly larger and more ter¬ 
gal setae; body length 1.1-1.3 mm.; 
chaetotaxy of tergites 1 through 6 
as follows: 11-17:6-8/13-17:6-11/13- 
17 :8-13/13-20 :10/14-18 -.10-15/14-18. 

3 In this formula, the minimum and maximum number of setae observed for any entire row are 
separated by a short line; the rows (if more than one row occurs) of a single tergite are separated by 
a diagonal line with the anterior row preceding the line and the posterior row following; the setae of 
each tergite are separated from those of the preceding and succeeding tergites by colons. 
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Chelicera 0.25 mm. long, finger 
length 0.135-0.14 mm. Palp with 
podomeres slightly larger than in 
the male, length : width ratios vir¬ 
tually identical in the two sexes; 
length of trochanter 0.16 0.175 mm., 
femur about 0.5 mm., tibia 0.215- 
0.24 mm., chela 0.7-0.75 mm., hand 
0.275-0.295 mm., finger about 0.45 
mm. Legs (measurements based on 
one female) much as in the opposite 
sex except podomeres slightly larger. 
First leg with pars basalis 0.31 mm. 
long, 4.4 times the depth; pa[rs tibial¬ 
is 0.205 mm. long; tibia 0.165 mm. 
long; tarsus about 0.29 mm. long, 
7.6 times the depth. Fourth leg 
with podomeres of the following 
lengths: pars basalis 0.215 mm., 
pars tibialis 0.265 mm., entire femur 
0.46 mm., tibia 0.34 mm. (4.25 times 
the depth), metatarsus 0.155 mm., 
telotarsus 0.34 mm. 

TRITONYMPH: (Based on a 
single individual.) In general some¬ 
what like the adult; setae fewer; ap¬ 
pendages stouter. Chelicera with 
serrula exterior of 14 plates; mov¬ 
able finger (fig. 3) with two simple 
galea-like processes inserted close 

| together between the base of the 
j galeal seta and the finger tip, these 

processes having a marked signifi¬ 
cance since a galea is not present in 
the adult. Three to four coxal 
spines on each coxa of the first and 
second legs. Palp with femur 0.35 
mm. long, 0.08 mm. wide; tibia 
about 0.17 mm. long, 0.09 mm. wide; 
chela including pedicle about 0.55 
mm. long, 0.11 mm. wide; hand with 
pedicle 0.2 mm. long; movable finger 
0.33 mm. long. Movable finger with 
tactile setae t, st, and sb related 
much as in the adult and with the 
first two distal to the midpoint of 
the finger; b wanting; finger with 
about 25 rounded and poorly devel¬ 
oped marginal teeth. Fixed finger 
with tactile setae more or less as in 

the adult except it and est closer to 
gether; dorsum of hand with one 
tactile seta (isb or ib), the other of 
the pair wanting; about 15 rounded 
basal teeth and 13 acute distal teeth. 

Family Chthoniidae Hansen 

Apochthonius moestus (Banks, 1891) 
Chamberlin, 1929 

(Figs. 4-7) 

RECORDS: Besides the records 
previously given (Hoff, 1944) for 
this species from Illinois, A. moestus 
is now reported in the following 21 
collections: Adams Co. (7 collections 
by the writer), Union Co. (3), Pope 
Co. (2), Madison Co. (1), Cham¬ 
paign Co. (1), Bond Co. (2), La¬ 
Salle Co. (3), Jersey Co. (1), and 
Hardin Co. (1). In addition, Dr. 
Chamberlin’s collections include a 
series of individuals taken by Dr. 
Jane Claire Dirks at White Heath, 
Piatt Co., Illinois, during 1938. 

In the writer’s previous publica¬ 
tion (1944), a statement was made 
regarding the use for species recog¬ 
nition of the two tactile setae of the 
dorsal surface of the chelal hand, 
there being known at that time only 
two species of pseudoscorpions from 
the State with this characteristic. 
Other species with this characteristic 
have now been found in Illinois. 
A. moestus, however, is easily recog¬ 
nized by its size (greater than 1.3 
mm., except in very few individ¬ 
uals), the contiguous teeth of the 
chelal fingers, and the presence of 
three spines on each of the first 
coxae. 

While there is some information 
(Hoff, 1944, 1945b) relative to the 
characteristics of the adults of this 
species from Illinois, no record or 
description has been given for the 
immature stages. Fortunately, the 
present series of collections includes 
numerous nymphs of several stages 
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TABLE SHOWING IMPORTANT CHARACTERISTICS OF THREE NYMPHAL 

STAGES AND THE ADULT OF AP0CHTH0NIU8 MOE8TUS 

Protonymph Deutonymph Tritonymph 
Adult 

(both sexes) 

Body length...... 0.67 mm. 0.72-0.9 mm. 1.1-1.3 mm. 1.3-1.8 mm.2 
Carapace length. . . 
Serrula exterior, 

0.25 mm. 0.28-0.32 mm. 0.32-0.4 mm. 0.32-0.42 mm.2 

number oi plates 11 12 14 16-17 
Coxa T, number of 
spines... 0 1 2 32 

Palpal femur length 0.17 min. 0.20-0.24 mm. 0.30-0.35 mm. 0.32-0.5 mm. 
width.. 0.055 mm. 0.06-0.07 mm. 0.075-0.09 mm. 0.08-0.11 mm.2 
1/w ratio. 3.1 3.2-3.6 3.8-4.0 3.5-4.5 

Palpal tibia length. 0.11 mm. 0.125-0.14 mm. 0.17-0.21 mm. 0.20-0.24 mm.2 
width.......... 0.072 mm. 0.075-0.085 mm. 0.095-0.12 mm. 0.105-0.145 mm. 
1 /w ratio. 1.55 1.6-1.7 1.8 1.6-1.9 

Chela length. 0.29 mm. 0.35-0.38 mm. 0.5-0.56 mm. 0.55-0.75 mm. 
width.......... 0.083 mm. 0.088-0.1 mm. 0.11-0.135 mm. 0.12-0.17 mm. 
1 /w ratio.. 3.5 3.8-4.1 4.1-4.5 4.0-4.7 

Finger length..... 0.2 mm. 0.24-0.255 mm. 0.33-0.38 mm. 0.37-0.46 mm.2 
Movable finger tac¬ 

tile setae....... 1 2 3 4 
marginal teeth... 30 (circ.) 40 (circ.) 45 (circ.) 50-60 

Fixed finger tactile 
setae1. 3 7 8 9 
marginal teeth... 30 (circ.) 45 (circ.) 50 (circ.) 50-70 

1 Includes the tactile setae of the dorsum of the hand and the double seta (xs) when these occur. 
a A few individuals may fall outside of these ranges. 

EXPLANATION OF FIGURES 

Drawings are outlined with the camera lucida from specimens cleared in 
beechwood creosote and mounted in Canada balsam. 

Verrucaditha spinosa. Fig. 1. Dorsal view of palp, male; tactile setae of 
movable finger omitted; scale equals 0.25 mm.—Fig. 2. Lateral view of chela, male; 
scale as in Fig. 1.—Fig. 3. Movable finger of chelicera, tritonymph, scale equals 
0.05 mm. 

Apochthonius moestus. Fig. 4. Lateral view of chela, protonymph.—Fig. 5. 
Lateral view of chela, deutonymph.—Fig. 6. Lateral view of chela, tritonymph.— 
Fig. 7. Lateral view of chela, female adult. Figures 4 through 7 drawn to the 
scale in fig. 1. 

Chthonins tetrachelatus. Fig. 8. Lateral view of chela, male; scale equals 
0.25 mm. 

Larca granulata. Fig. 9. Dorsal view of palp male; tactile setae of movable 
finger omitted; scale equals 0.5 mm.—Fig. 10. Lateral view of chela, male; scale 
as in fig. 9. 

b, basal seta of movable finger 
eb, external basal seta of fixed finger 
esb, external subbasal seta of fixed finger 
est, external subterminal seta of fixed finger 
et, external terminal seta of fixed finger 
1st, internal subterminal seta of fixed finger 
it, internal terminal seta of fixed finger 
sb, subbasal seta of movable finger 
st, subterminal seta of movable finger 
t, terminal seta of movable finger 
xs, double seta of fixed finger 

! 
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taken in collections made from May 
through September. These nymphs 
demonstrate interesting progressive 
changes which occur from one in¬ 
star to the next. These changes in¬ 
clude a gradual increase in the num¬ 
ber of coxal spines on each of the 
first coxae and an increase in the 
number of tactile setae on the chelal 
tingers. The brief descriptions 
given here in addition to the ac¬ 
companying table serve to indicate 
these and other interesting changes. 

NYMPHS: A single individual of 
the earliest nymphal stage, the pro- 
tonymph, was found in a collection 
taken by the writer on July 2, 1944, 
from an area near Quincy. In the 
same collection was a female A. 
moestus and several later nymphs of 
the same species. The protonymph 
is characterized by having very 
stout and little sclerotized append¬ 
ages, by a lack of coxal spines on the 
first coxae, and by the presence of 
very few tactile setae on the chelal 
fingers. The positions of the tactile 
setae are of particular interest. The 
single tactile seta (very probably t, 
as indicated by its position approxi¬ 
mate to the finger margin) is located 
a little proximal to the midpoint of 
the movable finger; on the fixed fin¬ 
ger, et is located just within the dis¬ 
tal one-third of the finger, two other 
tactile setae (possibly ist and eb) 
are located at the base of the finger; 
and one of the future setae of the 
dorsum of the chelal hand appears 
to be marked by a prominent seta 
without, however, the characteristic 
areole. The marginal teeth of the 
chelal fingers in this early instar 
vary from slender and acute teeth at 
the distal end of each row to 
rounded and flattened teeth at the 
proximal end of the row; the teeth 
are in general more slender and 
acute than in the adult. 

The next stage available for study 

is the deutonymph, several of these 
being found in six collections. The ; 
earliest date of collection of the deu¬ 
tonymph was June 15 and the latest 
September 30. This instar has a 
larger size and more slender append- n 
ages than the protonymph described J 
above. This is shown clearly in the I 
table. There is a single spine on 
each first coxa. The movable finger i 
has two tactile setae, t just proximal 
to the midpoint of the finger and st j 
about three areolar diameters distal i 
to t; fixed finger with a double seta I 
(xs) and five tactile setae on the | 
finger; one seta (ib or isbf) on the 
dorsum of the hand; et about one- 
third of the finger length from the 
finger tip and about one areolar di¬ 
ameter proximal to xs, two setae 
(est and it) at about two-thirds of 
the finger length from the tip, and 
two others (ist and either esb or eb) 
near the base of the finger. The 
marginal teeth of the chelal fingers 
shaped much as in the earlier nymph 
but greater in number; the teeth do 
not extend entirely to the base in the ; 
movable finger but cover almost the j 
entire finger margin in the fixed | 
finger. 

Two tritonymphs were available 
lor study. One was found in a collec- } 
tion made on Sept. 30 and the other 
in a collection taken on May 23. The 
tritonymphs are larger than the deu- 
tonymphs and have more slender ap¬ 
pendages. The coxal spines have in- 
creased to two and additional tactile 
setae are present on the chelal fin¬ 
gers. The movable finger has three = 
setae: t just distal to the midpoint 
of the finger, st just proximal to the 
midpoint of the finger, t and st sep¬ 
arated by about the width of the 
finger at the level of t, b basal in jj 
position and separated from the j 
basal margin of the finger by a dis- 
tance equal to the width of the finger 
at the level of b, sb wanting. Fixed ’ 
finger with tactile setae much as in 
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the adult except only one seta (isb 
or ibl) occurs on the dorsum of the 

hand. 

Chthonius (Ephippiochthonius) 
tetrachelatus (Preyssler, 1790) 

Stecker, 1875 
(Fig. 8) 

RECORDS : This species has been 
taken in eleven collections made by 
the writer from several places along 
the Mississippi River bluffs near 
Quincy, Adams Co., Illinois. A 
single individual was also available 
to the writer from a collection (Chi¬ 
cago Natural History Museum) 
made by Henry Dybas from near 
Moosehart, Kane Co., Illinois. Since 
this species is found over a wide 
area in Europe and has been re¬ 
ported frequently from eastern 
United States as far west as Indiana, 
it seems strange that it has not been 
taken from other Illinois areas. 

Chthonius tetrachelatus is fairly 
abundant as to number of individ¬ 
uals whenever taken and most collec¬ 
tions contain both nymphs and 
adults. With exception of the Kane 
Co. specimen for which no ecological 
data are available, the collections 
have been made from debris, leaf 
mold, and loam. In each instance, 
limestone outcrops are in the im¬ 
mediate vicinity. The habitat in 
Adams County is somewhat similar 
to the habitat in Europe where 
Kastner (1929) reports this species 
as living under fallen leaves and 
stones in the forest, the nests being 
made on the underside of the stones. 
Its particular habitat might explain 
why it has not been found in col¬ 
lections from other sections of 
Illinois. 

Our individuals agree wrell with 
the descriptions given for this spe¬ 
cies in the literature except that the 
cheliceral finger seems to be some¬ 
what shorter than indicated by some 
writers (Hadzi, 1933). With re¬ 

spect to recognition of this species, 
the following combination of charac¬ 
teristics may prove useful: coxal 
spines present on second and third 
coxae; two tactile setae on the dor¬ 
sum of the hand ; palpi very slender; 
from the side, the dorsal margin of 
the chelal hand shows a marked de¬ 
pression between the tactile setae 
and the base of the fixed finger; the 
marginal teeth of the chela are acute 
and widely separated at least along 
the distal end of the row on each 
finger. 

Suborder 
DIPLOSPHYRONIDA 

Chamberlin 
Family Neobisiidae Chamberlin 

Microbisium brunmeum (Hagen, 
1869) Chamberlin, 1930 

RECORDS: In addition to rec¬ 
ords previously published (Hoff, 
1944), the following new records are 
given: Adams Co. (11), Bond Co. 
(2), Boone Co. (1), Calhoun Co. 
(1), Carroll Co. (1), Champaign 
Co. (3), Coles Co. (1), Cook Co. 
(4), DuPage Co. (1), Fulton Co. 
(1), Jackson Co. (1), Jersey Co. 
(I) , Jo Daviess Co. (1), Lake Co. 
(II) , La Salle Co. (5), Lee Co. (1), 
Madison Co. (2), Mason Co. (3), 
Mercer Co. (1), Ogle Co. (1), Piatt 
Co. (1), Pope Co. (3), Putnam Co. 
(1) , Schuyler Co. (1), Union Co. 
(2) . While most of these records 
are based on collections of the State 
Natural History Survey, a few are 
records of specimens collected by the 
writer and specimens kindly sup¬ 
plied by Dr. Chamberlin. 

Family Garypidae Hansen, 1894 

Larca granulata (Banks, 1891) 
Chamberlin, 1930 

(Figs. 9-10) 

RECORDS: Five collections from 
Starved Rock State Park, LaSalle 
Co. and one collection from near 
Fountain Bluff, Jackson Co. 
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This species is apparently restrict¬ 
ed in habitat, being found in Starved 
Rock State Park only in associa¬ 
tion with debris on sandstone ledges 
and shelves. No ecological data are 
available for the Jackson Co. collec¬ 
tion. In this connection, it is inter¬ 
esting to note that the type speci¬ 
mens were “ Found in crevices of a 
cliff at Ithaca, N. Y.” (Banks, 
1891). With the exception of the 
publication of a drawing by Ross 
(J944), no records have been pub¬ 
lished of the occurrence of this spe¬ 

cies outside of New York State. The 
drawing of the Illinois specimen as 
published by Ross (1944, fig. 56) 
was through an unfortunate clerical 
error incorrectly designated as an 
individual of the vastly different 
species Chernes dentatus. 

Larca granulata can be recognized 
easily by the very stout abdomen in 
which the width is nearly equal to 
the length, by the triangular cara¬ 
pace, and by the characteristic shape 
of the palp. 
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effect of temperature upon the expression of 
ADORSO-CENTRAL A BRISTLE REDUCING MUTUANT 

OF DROSOPHILA ME LAN OG A STEP 

WILBUR M. LUCE 

University of Illinois, Urbana, Illinois 

In February of 1932 while exam¬ 
ining a forked (/) infra-Bar (P>1) 
stock of Drosophila melanogaster 
which were being kept at 27°C. it 
was noted that several of the flies 
among both the males and the fe¬ 
males lacked either one or both of 
the anterior dorso-central bristles. 
The flies which showed the charac¬ 
teristic were mated together and 
their offspring examined for its 
presence. It was noticed that dorso- 
centrals were missing in only a^ cer¬ 
tain percentage of the flies at 27°C., 
indicating that at this temperature 
penetrance was not complete. In¬ 
breeding and selection were followed 
until it was certain that the stock 
was genetically pure. The new 
mutant was tentatively named ador¬ 
so-central using the symbol adc for 
the gene or factor involved. This 
name seems appropriate since it de¬ 
scribes the chief somatic effect, the 
loss of dorso-central bristles. Usu¬ 
ally one or the other, frequently 
both, of the anterior dorso-centrals 
are missing. Rarely the posterior 
ones are gone, sometimes with, some¬ 
times without, the accompanying 
loss of the anteriors. Usually when 
a bristle is lacking the basal ring is 
also missing but occasionally the 
ring will be present without the 
bristle. 

The original stock in which the 
mutation occurred carried forked 
(f) a bristle affecting gene which 
causes gnarling and bending of the 
bristles and also results in forked 

ends on many. It also carried infra- 
Bar (B1) which reduces the facet 
number in the eye. A normal eyed 
straight bristle stock carrying adc 
was established by crossing the adc 
f B‘l to wild type. From these mat¬ 
ings it appeared that the mutant is 
completely recessive to normal. 
There was also a suggestion from 
these matings, which were not com¬ 
pletely recorded, that the mutant 
may be sex-linked. It may turn out 
to be another one of the many scute 
(sc) alleles. After the establishment 
of the adorso-central by itself, it has 
been kept as one of the stocks in 
our laboratory for examination and 
study. The position and linkage 
relationships of the mutant are be¬ 
ing worked out and when established 
will be published. 

The experiments dealt with in this 
report are concerned with the effects 
of temperature upon the expression 
of this mutant. The flies were raised 
at constant temperatures of 17°, 22° 
24°, and 28° C. The temperature 
control for the 17°, 22°, and 28° 
incubators was accurate to plus or 
minus 0.3°. For the 24° incubator 
the control was accurate within plus 
or minus 0.5°. The flies used for 
the parents had been inbred for two 
years before the experiments were 
begun and should, therefore, have 
been as homozygous as is practic¬ 
able. The same set of parents pro¬ 
duced the flies raised at all of the 
temperatures. The same batch of 
food was also used for all tempera- 
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Table 1.—Percentage of Flies with One or More Anterior Dorso-central 

Bristles Lacking When Raised at Different Constant Temperatures 

17 °C. 22 °C. 24 °C. 28 °C. 

Females Males Females Males Females Males Females Males 

Number of 
individuals 100 100 100 100 100 100 100 100 

Percent lack¬ 
ing anterior 
dorso-cen- 
trals. 2 0 6 22 14 28 72 88 

tures, and all other environmental 
factors were as accurately controlled 
as possible. The results obtained 
are summarized in table 1. 

The table shows clearly that at 
17° the penetrance of the adc factor 
is extremely low, only two females 
out of a hundred and no males out 
of the same number lacked bristles. 
At 22° the penetrance is still low 
and even at 24° it is not very high. 
At 28°, however, 72 percent of the 
females and 88 percent of the males 
lacked one or more bristles. The 
table also clearly brings out that at 
all temperatures except 17° the 
penetrance is higher in the males 
than it is in the females. 

When the frequency of the loss of 
the right anterior dorso-central is 
compared with that of the left the 

data show no significant difference 
between the two sides of the fly in this 
respect. Thus there were in the whole 
series 174 flies in which the right an¬ 
terior was missing and 160 flies with 
the left anterior missing. Assum¬ 
ing that these two events should oc¬ 
cur with equal frequency there is a 
difference between observed and ex- 
pected of 7 with a standard error of 
8.97. This would clearly indicate 
that the departure from the assumed 
equal frequency is certainly not sig¬ 
nificant since a departure as great or 
greater would be expected 40 per¬ 
cent of the time due to chance alone. 

The adc mutant appears to be 
promising material for the further 
study of both temperature and gene¬ 
tic effects. A more extended and 
critical analysis is now being at¬ 
tempted. 
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PARASITES OF AMPHIBIA. BUFONIDAE: PROCOELA: 
SALIENTIA. I. 

A. C. WALTON 

Knox College, Galesburg, Illinois* 

The amphibia play such an impor¬ 
tant part in the laboratory study of 
biology, and so many parasites are 
found" in them by students and by 
research workers that it seems of 
value to present a check list of some 
of the more frequently recorded 
parasites in the hope that recogni¬ 
tion of the parasites might be some¬ 
what easier. This is the thirteenth 
of a series of such lists that attempts 
to cover the entire amphibian group, 
and includes all of the Bufonidae 
except the members of the Bufoni- 
nae. This group is recorded else¬ 
where. 

BUFONIDAE 

The Bufonidae are divided into 
the sub-families Bufoninae (Cosmo¬ 
politan), Criniinae (Austral-asia), 
Elosiinae (mainly in Brazil), Heleo- 
phryninae (S. Africa), Leptodacty- 
linae (S. America and Caribbean 
Is.), Pseudinae (S. America and 
Caribbean area) and Rhinophry- 
ninae (Mexico). 

Among the Criniinae (Austral¬ 
asia) the following forms have been 
reported as being hosts to various 
parasites (7 genera with 11 spp.) 

1. CHIROLEPTES BREVIPALMAT- 
US: Brachysaccus juvenilis (Tre- 
matoda). 

2. CRINIA SIGNIFERA: Protoopa- 
lina tenuis (Protozoa); and Batra- 
chomyia sp? of Macleay, 1863 (Dip- 
teran larva). 

3. HELIOPORUS ALBOPUNCTATUS: 
Filaria cochleata (Nematoda). 

4. LIMNODYNASTES DORSALIS: 
Cosmocerca australiensis, C. lim- 

nodynastes, C. propinqua, Oswaldo- 
cruzia limnodynastes, and larval 
Physaloptera confusa (Nematoda) 
Dolichosaccus ischyrus (Trema- 
toda); Entamoeba morula, Nycto- 
therus cordiformis, N. sp? of Cle- 
land & Johnston, 1910, Opalina sp? 
of C. & J., 1910, 0. sp? of Metcalf, 
1923, Protoopalina acuta, P. dorsal¬ 
is, P. intestinalis, and Zelleriella 
binucleata (Protozoa); and Bacillus 
sp? of Willis, 1932 (Bacteria). 

5. L. ORNATA: Trypanosoma rota- 
torium, T. sp? of Cleland & John¬ 
ston, 1910, and T. sp? of Laveran & 
Mesnil, 1912 (Protozoa). 

6. L. PERONII: Rhabdias hylae (Ne¬ 
matoda); Brachysaccus anartius. 
Dolichosaccus tryphesus, Gorgodera 
australiensis, Haematoloechus aus¬ 
tralis, and Opisthodiscus subclava- 
tus (Trematoda); and Nyctotherus 
sp? of Cleland & Johnston, 1910, 
Opalina sp? of C. & J. 1910, O. sp? 
of Metcalf, 1923, and Protoopalina 
peronii (Protozoa). 

7. L. TASMANIENSIS: larval Physa¬ 
loptera confusa, and Rhabdias hylae 
(Nematoda).; Opisthodiscus sub- 
clavatus (Trematoda); and Enta¬ 
moeba morula, Trypanosoma cle- 
landii, T. rotatorium, T. sp? of Cle¬ 
land & Johnston, 1910, T. sp? of La¬ 
veran & Mesnil, 1912, and Zelleriella 
binucleata (Protozoa). 

8. NOTADEN BENNETTI: Balanti¬ 
dium sp? of Metcalf, 1923 (Proto¬ 
zoa). 

9. PSEUDOPHRYRYNE BIBRONI: 
larval Paryphostomum tenuicolle 
(Trematoda); Protoopalina bibronii 
(Protozoa); and Batrachomyia sp? 
of Macleay, 1863 (Dipteran larva). 

10. UPEROLEIA MARMORATA: Ne- 
matotaenia sp? of Johnston, 1916 
(Cestoda); and Batrachomyia sp? 
of Macleay, 1863 (Dipteran larva). 

11. U. sp?: Trypanosoma rotatorium 
(Protozoa). 

1 Contributions from the Biological Laboratories of Knox College, No. 101. 
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Among the Elosiinae (mainly 
Brazilian forms) the following 2 
genera with 4 species have been re¬ 
ported as hosts to various parasites: 

1. CROSSODACTYLUS GAUDICHAU- 
DII: Capillaria recondita (Nema- 
toda.) 

2. ELOSIA NASUS: Aplectana micro¬ 
penis, A. vellardi, Cosmocerca par- 
va, and Spironoura mascula (Nema- 
toda); and Dolichosaccus amplicava, 
and Gorgoderina cedroi (Trema- 
toda). 

3. E. PARVA: Cosmocerca parva (Ne- 
matoda). 

4. E. RUSTICA: Strongyloides pere- 
irai (Nematoda). 

Among the Heleophryninae (S. 
African forms) the following genus 
with 3 spp. have been reported as 
hosts to protozoan parasites: 

1. HELEOPHRYNE PURCELLI: Pro- 
toopalina heleophrynes (Protozoa). 

2. H. REGIS: Protoopalina capensis 
(Protozoa). 

3. H. ROSEI: Protoopalina heleo¬ 
phrynes (Protozoa). 

Members of the Leptodactylinae 
(S. America and the Caribbean Is.) 
are in greater abundance and there¬ 
fore are more often studied. 7 gen¬ 
era with 24 spp. have been reported 
as parasitized with a wide range of 
animal and plant forms. 

1. EUPEMPHIX MARMORATUS: Fi- 
laria hufonis (Nematoda). 

2. E. NANA: Zelleriella dubia (Pro¬ 
tozoa). 

3. E. NATTERERI: unidentified lar¬ 
vae (Cestoda). 

4. E. TRINITATIS: Balantidium sp? 
of Metcalf, 1923 (Protozoa). 

5. LEPTODACTYLUS ALBILABRIS: 
larval Diphyllobothrium erinacei 
(Cestoda); and Zelleriella leptodac- 
tyli (Protozoa). 

6. L. CALIGINOSUS: Aplectana sp? 
of Travassos, et al., 1939, and Rhab- 
dias sp? of T., et al., 1939 (Nema- 
toda); Catadiscus marinholutzi, C. 
sp? of T., et al., 1939, and Glypthel- 
mins sp? of T., et al., 1939 (Trema- 
toda); and Nyctotherus barberoi, 
Zelleriella leptodactyli, and Z. men- 
eendzi (Protozoa). 

7. L. GRACILIS: Strongyloides cari- 
nii (Nematoda); and Nyctotherus 
bertarelli, Proteromonas longifila, : 
and Zelleriella leptodactyli (Pro¬ 
tozoa ). 

8. L. MICROTIS: Balantidium sp? of 
Metcalf, 1923, Nyctotherus sp? of 
M. , 1923, and Zelleriella leptodactyli 
(Protozoa). 

9 L. MISTACEUS: Nyctotherus heter- 
onucleatus (Protozoa). 

10. L. OCELLATUS: Agamonema ra- 
nae, Ascaris leptodactyli, Cosmocer¬ 
ca sp? of Travassos, et al., 1939, 
Eustrongyloides sp? of T., et al., 
1939, Foleyella convoluta, F. scala- 
ris, F. sp? of T., et al., 1939, Hed- 
ruris scabra. “Microfilaria” tarn- | 
borini, M. sp? of Wenyon, 1934, 
Multicaecum sp? of T., et al., 1939, 
Osivaldocruzia filiformis, 0. lopezi, 
0. sub-auricularis, Oxyascaris simi- 
l i s , Oxysomatium membranosa, 
Rhabdias sp? of Leiper, 1934, Schul- 
zia subventricosa, and Spironoura 
nitida (Nematoda); Catadiscus in- 
opinatus, C. marinholutzi, C. uru- 
guayensis, C. sp? of Travassos, et 
al., 1939, Choledocystus eucharis, 
Glypthelmins elegans, G. linguatula, 
G. parva, G. proximus, G. repandum, 
G. simulans, G. sp? of T., et al., 
1939, Gorgoderina cryptorchis, G. 
parvicava, Haematoloechus neivai, 
H. ozorioi, Halipegus dubius, larval 
Hysteromorpha trilobum. and Pla- 
giorchis lenti (Trematoda); Cylin- 
drotaenia amerinana, larval Cysti- 
cercus ocellatus, larval Ichthyo- 
taenia sp? of Parona, 1901, Spar- 
ganum leptodactyli, and larval 
Taenia sp? of Parona, 1900 (Ces¬ 
toda); Centrorhynchus giganteus. 
C. tumiclulus, and Lueheia luehei 
(Acanthocephala); Cariniella ca- 
rinii, Cepedea rubra, Eimeria lepto¬ 
dactyli, Haemogregarina leptodac¬ 
tyli, H. sp? of Franca, 1917, H. sp? 
of Plimmer, 1912, Hegneria lepto¬ 
dactyli, Leptotheca chagasi, Myxi- 
dium immersum, M. lindoyense, ? 
Nyctotherus cordiformis, N. cunhai, 
N. gibber, N. loricatus, N. pavlistan- 
us (in tadpoles, N. tejerai, N. vorax, 
Toxoplasma cuniculi (experiment¬ 
ally), Trichomonas batrachorum, 
Trypanosoma arcei, T. celestinoi, T. 
leptodactyli, T. ocellati, T. rotatori- 
um. T. sp? of Carini, 1907, T. sp? of 
Laveran & Mesnil, 1912, T. sp? of 
Wenyon, 1934, Zelleriella antillien- 
sis, Z. antunesi, Z. brasiliensis, Z. 
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caudata, Z. corniola, Z. cornucopia, 
Z. cornucopioide, Z. cuneata Z. ex- 
cavata, Z. foliacea, Z. magna, and Z. 
truncata (Protozoa); Haemobarto- 
nello ranarum (n. comb, for Bar¬ 
tonella ranarum Zavattari & De- 
fendi, 1931) (Bacteria); and Han- 
nemania argentina, and H. liepatica 
(Acarina). 

11. L. PENTADACTYLUS: Foleyella 
convoluta, Schrankia brasili, S. 
larvata, and 8. schranki (Nema- 
toda); larval Alaria alata, Gorgo- 
derina parvicava, and larval Stri- 
gea vaginata (Trematoda); and 
Bertarellia leptodactyli, Haemogre- 
garina heteronucleata, ? Nyctothe- 
rus cordiformis, N. cunhai, N. gib¬ 
ber, N. loricatus, N. tejerai, Zelleri- 
ella cornucopia, Z. ovonucleata, and 
Z. truncata (Protozoa). 

12. L. PROGNATHUS: Myxidium im- 
mersum, and Zelleriella antilliensis 
(Protozoa). 

13. L. SIBILATRIX: Nyctotherus os- 
waldoi, Zelleriella magna, and Z. 
truncata (Protozoa). 

14. L. TYPHONIUS: Aplectana acu¬ 
minata, A. sp? of Travassos, et al., 
1939, Cosmocerca commutata, and 
Foley ella convoluta (Nematoda); 
and Opisthodiscus subclavatus (Tre¬ 
matoda). 

15. L. spp?.: Trypanosoma borrelli, and 
T. rotatorium (Protozoa). 
Oswaldocruzia pipiens (Nematoda) 
has been reported from a Leptodac- 
tylid kept in a Zoological Garden in 
the United States. 

16. LIMNOMEDUSA MACROGLOSSA: 
Myxidium immersum, ? Nyctothe¬ 
rus cordiformis, and Zelleriella an¬ 
tilliensis (Protozoa). 

17. -PALUDICOLA FALCIPES: Cepe- 
dea rubra (Protozoa). 

18. P. FUSCOMACULATUS: Cosmocer¬ 
ca sp? of Travassos, et al., 1939 
(Nematoda); and unidentified lar¬ 
vae (Cestoda). 

19. PHYSALAEMUS SIGNIFERUS: 
Entamoeba sp? of Chen & Stabler, 
1936, Myxidium lindoyense, Nycoto- 
therus paludicolae, Zelleriella brasi- 
liensis, Z. paludicolae, and Z. sp? of 
Brumpt & Lavier, 1936 (Protozoa). 

20. PLEURODEMA ( = Paludicola ) 
BIBRONI: Balantidium sp? of Met¬ 
calf, 1923. Myxidium immersum, ? 
Nyctotherus cordiformis, N. sp? of 
Metcalf, 1923, Trichomonas augusta, 
Zelleriella antilliensis, Z. paludi¬ 
colae, and Z. sp? of Chen & Stabler, 

1936 (Protozoa); and Hannemania 
samboni (Acarina). 

21. P. BRACHYOPS. Zelleriella paludi¬ 
colae (protozoa). 

22. P. BUFONINA: Zelleriella patago- 
niensis (Protozoa); and Hanne¬ 
mania hobdayi (Acarina). 

23. P. DARWINI; Acanthocephalus lut- 
zii (Acanthocephala). 

24. PSEUDOPALUDICOLA AMEGHI- 
NI: Cepedea rubra (Protozoa). 

The Pseudinae (S. American and 
Caribbean forms) are represented 
by 20 species of 5 genera for which 
parasites have been reported. 

1. CALYPTOCEPHALUS GAYI: tri¬ 
chomonas augusta (Protozoa). 

2. CERATOPHRYS AMERICANA: 
Myxidium immersum, and Nycto¬ 
therus ceratophris (Protozoa). 

3. C. CORNUTA: Ascaris foecunda, 
Oswaldocruzia subauricularis, and 
Schulzia subventricosa (Nematoda). 

4. C. DORSATA: Oswaldocruzia fili- 
formis, 0. subauricularis, and Oxy- 
somatium baylisi (Nematoda). 

5. C. ORNATA: immature Taenia 
ceratophrys (Cestoda). 

6. ELEUTHERODACTYLUS BING- 
HAMI: Zelleriella binghami (Pro¬ 
tozoa). 

7. E. BINOTATUS: Aplectana sp? of 
Travassos, 1925 (Nematoda). 

8. E. FOOTEI: Zelleriella cuscoms 
(Protozoa). 

9. E. GOLLMERI: Aplectana pintoi, 
A. vellardi, A. sp? of Travassos. 
1925, Cosmocerca brasiliensis, Os¬ 
waldocruzia subauricularis, and 
Schulzia subventricosa (Nemato¬ 
da); and Hannemania stephensi 
(Acarina) 

10 E. GtiNTHERI: Cepedea sp? of 
Metcalf, 1940 (Protozoa). 

11. E. LEPTOPUS: Protoopalina dip- 
locarya (Protozoa). 

12. E. LUTEOLUS: Protoopalina xana- 
chana (Protozoa). 

13. E. MILIARIS: Aplectana vellardi, 
A. sp? of Travassos, 1925, Cosmo¬ 
cerca brasiliensis, and Schulzia sub¬ 
ventricosa (Nematoda); and Zelle¬ 
riella sp? of Metcalf, 1940 (Proto¬ 
zoa). 

14. E. RICORDII (Florida): Aplectana 
sp? of Walton, 1940 (Nematoda); 
and Hannemania penetrans (Aca¬ 
rina). 

15. E. sp?: Hannemania hylodeus (Aca¬ 
rina). 
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16. E. sp? tadpoles: Cepedea sp? of Met¬ 
calf, 1940 (Protozoa). 

17. PSEUDIS MANTIDACTYLA: Myx- 
idium immersum, ? Nyctotherus 
cordiformis, and Zelleriella antil- 
liensis (Protozoa). 

18. P. PARADOXA: Catadiscus pyg- 
maeus, Gorgoderina parvicava, and 
Haematoloechus neivai (Trema- 
toda). 

19. TELMATOBIUS ESCOMELI: “Abi- 
bes” sp? of Escomel, 1929, Hexamita 
brumpti, “Monadiens” sp? of Esco- 
mel, 1929, Nyctotherus sp? of Esco¬ 
mel, 1929, Opalina ranarum, Tricho¬ 
monas batrachorum, and T. "hom- 

inis” of Escomel, 1929 (Protozoa). ! 
20. T. JELSKII: “Abibes” sp? of Esco¬ 

mel, 1929, Hexamita brumpti, “Mo¬ 
nadiens” sp? of Escomel, 1929, Nyc¬ 
totherus sp? of Escomel, 1929, Opa¬ 
lina ranarum, Protoopalina longinu- 
cleata, Trichomonas batrachorum. f 
T. “hominis” of Escomel, 1929, T. 
“intestinalis” of Escomel, 1929, and 
Zelleriella telmatobii (Protozoa). 

Examinations of members of the i 
Rhynophryninae (Mexican forms) 
have not as yet resulted in the re¬ 
cording of the presence of any para¬ 
sitic infestations. 
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PHENOTHIAZINE-SALT MIXTURES AS AN 
ANTHELMINTIC FOR SHEEP 

R. J. WEBB and J. M. LEWIS* 

University of Illinois, Urbana, Illinois 

Since Harwood and associates 
(1939) of the Bureau of Animal In¬ 
dustry demonstrated the efficiency 
of phenothiazine in removing vari¬ 
ous species of nematodes, the effi¬ 
ciency of this chemical for removing 
intestinal parasites of sheep has been 
confirmed by many other investi¬ 
gators. The Illinois Experiment 
Station reported in 1941, 1942a, and 
1942b, favorable results as judged 
by Stoll counts following the treat¬ 
ment of sheep, goats, and horses for 
strongyles. At the Illinois Station 
phenothiazine had been administer¬ 
ed to parasitized lambs in gelatine 
capsules, boluses, liquid, blackstrap 
molasses, and soya bean pellets. 

Since the effectiveness of pheno¬ 
thiazine has been demonstrated in 
removing nodular worms, stomach 
worms, and bankrupt worms of 
sheep, attempts have been made to 
simplify the methods of administer¬ 
ing the drug to them. One of the 
most popular of the suggestions has 
been the incorporation of the chemi¬ 
cal with salt and offering the mix¬ 
ture as a lick. Habermann and 
Shorb found phenothiazine-salt mix¬ 
tures in proportions of from 1:9 to 
1 :14 to be effective in reducing the 
larval counts in fecal cultures. The 
average daily consumption of pheno¬ 
thiazine was at least 0.5 gram per 
sheep. Earlier, Shorb and Haber¬ 
mann pointed out that daily admin¬ 
istration of 0.5 gram doses of the 
drug completely inhibited the devel¬ 
opment of all nematode larvae with 

the exception of Strongyloides papii- 
losus. Viable larvae again appeared 
in the fecal cultures 48 hours after 
withdrawal of the drug. The egg 
count was not at any time reduced. 
Gordon arrived at essentially the 
same conclusions. Britton, Miller, 
and Cameron in an uncontrolled ob¬ 
servation with 830 ewes and lambs 
reported a definite anthelmintic ef¬ 
fect of a 1:15 phenothiazine-salt 
mixture. In a second and more com¬ 
prehensive report involving con¬ 
trolled experiments, the same au¬ 
thors again reported favorably upon 
a 1:15 phenothiazine-salt mixture as 
a practical and effective anthelmin¬ 
tic for sheep. A 1:9 phenothiazine- 
salt mixture, according to Thorp 
and Keith, reduced the numbers of 
nematode ova in the feces of para¬ 
sitized sheep. The elimination of 
ova remained low as long as the 
mixture was fed. Foster and Haber¬ 
mann recommend the use of mix¬ 
tures containing from 9 to 14 parts 
of salt to one part of phenothiazine 
in the control of ovine nematodes. 
They caution, however, that the use 
cf phenothiazine in salt should be 
regarded as a preventive rather than 
a therapeutic procedure. 

This paper is an attempt to out¬ 
line two years work (1943, 1944) at 
the Dixon Springs Experiment Sta¬ 
tion, Pope County, Illinois, to study 
the effectiveness of phenothiazine- 
salt mixture in controlling ovine 
nematodes on pasture. 

* Superintendent and Assistant Superintendent, respectively, of the Dixon Springs Experiment Station 
of the University of Illinois. Dr. W. G. Kammlade, Department of Animal Husbandry of the University 
of Illinois, Dr. E. H. Peterson, formerly of the Department of Animal Pathology and Hygiene, and Di. 
Jesse Sampson of the same department, cooperated in this work. 
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PLAN 

In the 1943 tests approximately 
600 mature western ewes, maintain¬ 
ed at the Dixon Springs Experiment 
Station, were made available for the 
experiment. Early in January the 
sheep were brought in from pastures 
for dry lot feeding. They were di¬ 
vided at random into three lots of 
196 ewes each. Each ewe was dosed 
with two ounces of a 50 percent sus¬ 
pension of phenothiazine in molasses 
and water. They had been dosed 
similarly for the preceding several 
months. Mixed hay (mainly les- 
pedeza and grass) was fed to all lots, 
together with one pound of shelled 
corn and one-fourth pound of soy¬ 
bean oil meal daily per head. Be¬ 
ginning January 15 a 1:14 pheno- 
thiazine-salt mixture was made 
available to the ewes in Lot 3. They 
were also provided with a mineral 
mixture of equal parts limestone and 
bone meal. Lots 1 and 2 had access 
to a mixture of salt, limestone, and 
bone meal. 

Lambing occurred in the three 
lots during February, March, and 
April. The experimental treatment 
of these lots of ewes and lambs was 
planned as follows: Lot 1, the con¬ 
trol group, was to be maintained 
without further phenothiazine med¬ 
ication. Lot 2 was to be dosed with 
phenothiazine, one ounce per ewe, 
one-half ounce per lamb, at the be¬ 
ginning of the pasture season and 
thereafter maintained upon a 1:14 
phenothiazine-salt mixture. Lot 3 
was to be maintained continuously, 
both in the dry lot and at pasture, 
on the 1:14 phenothiazine-salt mix¬ 
ture. In order to limit losses how¬ 
ever, it was planned to treat the 
sheep in any lot with a therapeutic 
dose when and if parasitism became 
marked. 

The degree of parasitism was to be 
estimated by fecal examinations for 

the presence of nematode ova and by 
autopsy examinations of representa¬ 
tive ewes and lambs at time of mar¬ 
keting. The rate of gain and general 
condition were to be determined by 
inspection and periodic weighing. 

The pastures ranged from one 
hundred to three hundred acres in 
size. Because of an unusual amount 
of rain during the spring and early 
summer growth of forage was excel¬ 
lent and ample. With one exception 
the pasture for each lot was changed 
once a month. 

FECAL EXAMINATIONS AND POST¬ 

MORTEM INSPECTION 

At the beginning of the pasture 
season and continuing at monthly 
intervals throughout the spring and 
summer fecal specimens were collect¬ 
ed from a random selection of 25 
ewes and 25 lambs in each lot. A 
similar collection had been made 
from the ewes in Lot 3 early in Jan¬ 
uary. Preliminary observations (flo¬ 
tation) showed nematode ova to be 
present, and a two-gram portion of 
each fecal sample was preserved 
with 2cc. of 25 percent formalin. 
The specimens were then returned 
to the Department of Animal Path¬ 
ology Laboratory at Urbana for de¬ 
termination of the nematode ova 
present according to the Stoll tech¬ 
nic. At the time of slaughter the 
intestines from representative ani¬ 
mals were observed for the presence 
and the relative numbers of para¬ 
sites and parasitic nodules. The abo¬ 
masum was opened and a portion of 
the contents removed and preserved 
in formalin for nematode examina¬ 
tion. 

RESULTS 

Clinical Observations and Relative 
Gains 

The ewes, together with their 
lambs, were turned to pasture April 
25. The system of pasture rotation 
is set forth in Table 1. 
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Table 1—Pasture Rotation Among the Three Lots of Ewes and Lambs 

Pasture 

Time of pasture 
Elam 
Lot 

South 
Lot 

Phelps 
Lot 

Wells 
Lot 

Experiment 8 
Lot 

A * I Of- A/foir Oft 3 2 1 April Zo—May zo... 
Ik *■ __ f)7 Tlin« OQ 1 3 2 

Timp 9Q— Auerust 3  .. . 3 la 2 lc 
lb 

During the first month on pasture 
none of the sheep developed clinical 
manifestations of parasitism. It 
was expected however that the pas¬ 
ture occupied by the sheep in Lot 1, 
the untreated group, would become 
contaminated and that this pasture, 
subsequently occupied by the second 
lot, would serve to test the effective¬ 
ness of a 1:14 phenothiazine-salt 
mixture in protecting ewes and 
lambs from parasites when exposed 
to infection. The sheep and 
lambs of Lot 3, maintained contin¬ 
uously upon phenothiazine-salt mix¬ 
ture since January, were never ex¬ 
posed to similar infestation during 
the pasture season, although at the 
end of the first month on pasture 
they were placed on the pasture 
previously grazed by animals of Lot 
2. 

At the end of the second month 
on pasture, the ewes and lambs in 
Lot 2, given access to 1:14 pheno¬ 
thiazine-salt mixture but maintained 
for four weeks upon a contaminated 
pasture, had developed marked clini¬ 
cal manifestations of parasitism. 
The sacrifice of two ewes and one 
lamb from this group confirmed the 
diagnosis. All ewes and lambs in 
this lot were treated with phenothia- 
zine and placed on clean pasture. 
Both ewes and lambs in Lot 1 also 
showed evidences of parasitism but 

not to the same degree as those in 
the second group. Lot 1 was di¬ 
vided into three groups as follows: 

Group a—20 ewes and their 20 
lambs were untreated. 

Group b—62 ewes and 35 lambs 
were drenched with phe- 
nothiazine, one ounce per 
ewe, one-half ounce per 
lamb. 

Group c—105 ewes and 107 lambs 
drenched as Group b and 
offered a 1:9 phenothia¬ 
zine-salt mixture. 

The ewes and lambs in Lot 3, main¬ 
tained upon a 1:14 phenothiazine- 
salt mixture but not placed upon a 
pasture recently occupied by heavi¬ 
ly parasitized, untreated sheep, re¬ 
mained in good condition. Their 
pasture was not changed after May 
27 at which time they were put in 
the pasture occupied the previous 
month by sheep of Lot 2. The gains 
for the various pasture periods are 
given in Table 2. 

Examination of the data in Table 
2 indicates that both ewes and lambs 
in Lot 3, maintained continuously 
upon 1:14 phenothiazine-salt mix¬ 
ture, made satisfactory gains. As 
will be noted in Table 1, they fol¬ 
lowed Lot 2 in the pasture rotation 
and were kept on this same pasture 
until August 3. On the other hand, 
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Table 2.—Average Individual Gains Made by Ewes and Lambs by Periods 

May 27 to August 3—68 Days 

Lot 1 Lot 2 Lot 3 

Period 

Group 
Ewes 
lbs. 

Lambs 
lbs. 

Ewes 
lbs. 

Lambs 
lbs. 

Ewes 
lbs. 

Lambs 
lbs. 

May 27-June 27. 
June 28-August 3. . . . a 

b 
c 

+ 1.1 
+ 14.5 
+20.0 
+ 17.4 

+5.7 
+4.9 

+ 17.4 
+ 17.6 

1 
o
s e

- 

1 
<M

 0
0

 

1 +
 

—7.9 
+8.0 

+2.8 
+20.2 

+ 11.5 
+ 16.6 

Table 3.—Logarithmic Averages of Nematode Ova Determination 

Lot 

Date of Collection 

1-15 4-27 5-27 6-28 8-3 

1 Ewes. 4,600 
2,800 

165 

225 
52 
91 

37 
22 

180 
20 
32 

3,300 
1,036 

793 

190 
24 
11 

3,900 
274 

48 

2 Ewes. 
3 Ewes. 4 

1 Lambs. 
2 Lambs. 
3 Lambs. 

the gains shown for Lot 2 were very 
unsatisfactory. Lot 2 was given the 
same phenothiazine-salt mixture but 
followed the untreated sheep of Lot 
1 in the pasture rotation. The gains 
made in Lot 1 were also unsatisfac¬ 
tory; however, the sheep of Group 
b and c did make satisfactory gains 
after treatment. 

EGG COUNTS 

In Table 3 is given a summary of 
the nematode ova contents of the 
fecal specimens as determined by the 
Stoll technic. Twenty-five fecal 
samples were collected at monthly 
intervals from the ewes and from the 
lambs in each lot. The results given 
in Table 3 are the logarithmic aver¬ 
ages (nematode ova per gram of 
feces) of each series of 25 samples. 

The nematode ova determinations 
of fecal samples as a means of esti¬ 
mating the degree of parasitism and 
as a measure of anthelmintic effi¬ 
ciency proved in this experiment to 
be of limited value. It would be 
deducted from Table 3, for example, 
that the ewes in Lots 1 and 2 initi¬ 
ally were heavily parasitized at the 
time they were turned to pasture, 
but subsequently eliminated most of 
the infestation. It would be further 
deduced that the lambs in Lot 1 were 
more heavily parasitized than those 
in Lot 2. These deductions are not 
supported by observations on com¬ 
parative rates of gain, mortality 
figures, and post-mortem examina¬ 
tion. Just why nematode ova deter¬ 
minations of fecal specimens accord¬ 
ing to the Stoll technic failed to cor- 
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Table 4.—Consumption of the Phenothiazine-Salt Mixture 

121 

Consumption Average 
daily 

Period Lot Lambs Ewes Mix¬ 
ture 

Total 
Average 
monthly 

consumption 
of 

phenothiazine 

April 25-May 26. 2 163 187 1:14 
lbs. 
220 

lbs. 
0.63 

grams 
0.60 

April 25-May 26. 3 157 191 1:14 200 0.57 0.54 

May 29-June 28. 2 152 184 1:14 177 0.53 0.53 

Mav 29-June 28. 3 158 190 1:14 130 0.37 0.38 

June 29-August 2. 1 96 105 1:9 90 0.45 0.60 

June 29-August 2. 2 150 183 1:14 225 0.68 0.60 

June 29-August 2. 3 157 190 1:14 221 0.64 0.57 

relate with clinical manifestations is 
not clear, but probably several 
factors are involved. One of these 
would be variations in fecal moisture 
content. The feces of sheep on dry 
lot contain less water than those of 
sheep on pasture; and, the feces of 
healthy sheep are more solid than 
those of parasitized animals, the lat¬ 
ter often showing profuse diarrhea. 
An increase in the fecal water con¬ 
tent obviously would reduce the ova 
obtained per unit mass of feces in 
parasitized sheep. Leiper and Peters 
determined statistically that varia¬ 
tions in weight are more sensitive in¬ 
dicators of anthelmintic efficiency 
than are egg counts. Our observa¬ 
tions tend to support this conclusion. 

CONSUMPTION 

OF THE PHENOTHIAZINE-SALT 

MIXTURE 

During the period of observation 
1,173 pounds of the 1:14 phenothia- 
zine-salt mixture were fed to the 
ewes and lambs in Lots 2 and 3. 
Group c, Lot 1, consumed 90 pounds 
of the 1:9 mixture. This represents 
a monthly consumption of 55 pounds 
per 100 head of sheep, or a pheno- 
thiazine consumption of the drug 
per animal was 0.55 gram daily. 

POST-MORTEM EXAMINATIONS 

Portions of the intestinal tracts of 
169 lambs from the three lots and 
the 20 untreated ewes in Lot 1 were 
examined at the time of slaughter 
in the packing plant. The intestines 
were examined for the presence and 
the relative numbers of parasitic 
nodules while the abomasum was 
opened and inspected for the pres¬ 
ence of stomach worms. All examin¬ 
ations were necessarily qualitative 
in nature due to the impossibility 
of slowing up slaughter plant oper¬ 
ations. A summary of these results 
is given in Table 5. 

It is seen from the above that the 
lambs in Lot 3, even though making 
satisfactory progress, nevertheless 
suffered from a degree of parasitic 
infestation. From the large num¬ 
bers of nodules found on the intes¬ 
tines, the lambs in Lot 2 evidently 
were the most heavily parasitized of 
the groups examined. This group 
made the poorest gains and suffered 
the greatest mortality (Table 2). 

The ewes and lambs in the control 
group, Lot 1, as would be expected, 
showed marked parasitism. It is of 
interest to note however, that this 
group, although untreated since 
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Table 5.—Post-Mortem Examination of 189 Sheep 

Lot 
Number 

examined 

Stomach 
worm 

infestation 

Nodul 

Free 

ation on inti 

Moderate 

estines 

Heavy 

la Ewes. 20 Moderate... 0 + 4 + 16 + 
la Lambs. 18 Heavy. . 0 16 2 
lb Lambs. 15 Moderate... 0 9 6 
lc Lambs. 21 Light 0 16 5 
2 Lambs. 20 Light 0 0 20 
3 Lambs. 35 Light. 6 83 6 

Table 6.—Average Weights of Lambs at Market Time and Selling Price 

Lot No. in 
lot 

Av. lot 
weight 

No. 
marketed 

Av. weight 
of lambs 
marketed 

Selling 
price, 
cwt. 

la.. . 19 
lbs. 

52.6 18 
lbs. 

52.6 $11.25 
lb. 34 64.6 15 64.6 11.25 
lc. 96 61.0 21 74.0 11.25 
2. 150 56 0 20 75 0 11.25 
3. 157 71.6 95 76.5 14.25 

January, suffered less damage from 
parasitism than the treated ewes and 
lambs in Lot 2. This apparent in¬ 
consistency is explained by the sys¬ 
tem of pasture rotation used (Table 
1). Also of interest is the effect the 
drenching with phenothiazine, Lot 
lb, and the drenching plus 1:9 phe- 
nothiazine-salt mixture. Lot lc, had 
on the parasitic infestation. It may 
be reasonably assumed that the ex¬ 
posure to infestation in Lot 2, one 
of the groups upon 1:14 phenothia- 
zine-salt mixture, was greater than 
that of Lot 1. Lot 2 suffered the 
greater damage. The table below 

gives the weights of the various lots 
at marketing time, August 3, 

Very few of the lambs in Lots 1 
and 2 were fat enough to make satis¬ 
factory carcasses. The lambs in Lot 
3 carried considerable finish. 

1944 STUDY 

The second phase of the work at 
the Dixon Springs Experiment Sta¬ 
tion with the plienotliiazine-salt mix¬ 
ture was carried on in 1944. The 
object of this phase was to compare 
the efficiency of a 1:14 and a 1:9 
phenothiazine-salt mixture as an an¬ 
thelmintic for ovine nematodes. 
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Table 7.—Consumption of Phenothiazine in a 1:9 and a 1:14 
Phenothiazine-Salt Mixture 

Consumption 

Period 
Mix¬ 
ture 

No. 
ewes 

No. 
lambs 

Total 
mixture 

Mixture 
per head 

Phenothiazine 
per head 
per day 

May 1-June 17 . ..... . 1:9 219 247 
lbs. 

538 
lbs. 

1.15 
grams 

1.23 

May 1-June 18. 1:14 185 202 489 1.26 0.83 

PLAN 

All sheep at the Station were in¬ 
cluded in the tests. They were all 
given individual doses of one ounce 
of phenothiazine in a drench the first 
week in January although they had 
been on a 1:14 phenothiazine-salt 
mixture since August, 1943. The 
phenothiazine-salt lick was then dis¬ 
continued for the remainder of the 
winter period. All ewes and rams 
were given the one ounce drench 
again in April before going on pas¬ 
ture. The lambs were not treated. 
They were then put on pasture and 
both ewes and lambs had access to 
phenothiazine-salt mixtures as fol¬ 
lows : 

A lot of about 200 ewes and their 
lambs, Lot 1, was maintained on a 
1:14 phenothiazine lick. A similar 
lot, Lot 2, was maintained on a 1:9 
mixture. The remainder of the 
sheep at the Station were given ac¬ 
cess free-choice to both 1:14 and 1:9 
phenothiazine-salt mixtures. 

However, due to the severe drouth 
which began early in the summer, 
the pastures intended for Lots 1 and 
2 became very poor, and the lots 
were combined and offered a free- 
choice of 1:14 and 1:9. Thus, the 
free-choice lot was the only one car¬ 
ried throughout the grazing period. 

Lots 1 and 2 were carried on 1:9 
and 1:14 phenothiazine-salt mix¬ 

tures from May 1 until the middle of 
June, and the phenothiazine intake 
is shown in Table 7. 

The average daily consumption of 
phenothiazine per sheep as shown in 
this table is considerably higher 
than many other investigators re¬ 
port. The amount consumed in the 
1:9 mixture was 48 percent greater 
than that consumed in the 1:14 mix¬ 
ture. The total mix consumption on 
the other hand shows only a slight 
difference. Thus, the amount of phe¬ 
nothiazine consumed varied directly 
with the concentration of the mix¬ 
ture. 

In the group having access to both 
the 1:9 and the 1:14 mixtures free- 
choice, 1,029 pounds of the 1:9 mix¬ 
ture were consumed and 1,511 
pounds of the 1:14 mixture were 
consumed. Thus, the phenothiazine 
intake was about the same, 114 
pounds and 108 pounds respectively. 
The salt consumption was increased 
about 53 percent when the pheno¬ 
thiazine-salt mixture was fed com¬ 
pared to a 1:9 mixture. 

On July 7, 1944, the lambs were 
weaned from the ewes and put in 
dry lot for feeding. Their identity 
was kept according to treatment 
during the pasture period. When 
they were slaughtered examination 
was made of the intestinal tract of 
the lambs. The results are shown in 
Table 8. 
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Table 8.—Results of Slaughter Examination 

93 lambs fed 1:9 phenothiazine-salt mixture: 
Stomach worms (Haemonchus) 

64 or 68.8% free 
29 or 31.2% light 

47 lambs fed 1:14 phenothiazine-salt mixture: 
Stomach worms (Haemonchus) 

33 or 70.2% free 
14 or 29.8% light 

Nodules on Caecum 
45 or 48.4% free 
41 or 44.1% 1 — 5 

7 or 7.5% 6 — 25 
0 over 25 

Nodules on Caecum 
22 or 46.8% free 
23 or 48.9% 1 — 5 

1 or 2.3% 6 — 25 
0 over 25 

An additional 109 lambs which 
had access to both 1:9 and 1:14 free- 
choice were examined for nodules on 
the intestines. On 59 or 54.1% no 
nodules were found, 42 or 38.5% 
showed a light nodulation of 1 to 5 
nodules; 4 or 3.7% a medium nodu¬ 
lation of 6 to 25 nodules; and, 4 or 
3.7% showed over 25 nodules per 
lamb. 

In general these infestations are 
very light compared to previous 
years. The dry lot feeding no doubt 
had some bearing on this light in¬ 
festation. 

DISCUSSION 

It is known that the administra¬ 
tion of small repeated doses of phe- 
nothiazine to sheep, such as would 
be received in a salt mixture, proba¬ 
bly exerts its major anthelmintic 
action not through elimination of 
worms from the intestinal tract, but 
from a suppressed development of 
the eggs to the infective larval form. 
This is clearly indicated in the ob¬ 
servations of Shorb and Habermann 
and of Shorb and Gordon. It ap¬ 
pears, therefore, that the greatest 
benefits should be derived from the 
feeding of a phenothiazine-salt mix- 
+iire when sheep, relatively free 
from internal parasites, are placed 
upon an uncontaminated pasture. 

Such a plan for nematode control 
in sheep is made more practical by 
recent disclosures that the larvae of 
these parasites do not survive as 
long on pastures as has previously 

been thought. In the climatic con¬ 
ditions prevailing in the vicinity of 
Washington, D. C., Sarles, and 
Kates have shown that pastures 
heavily contaminated with egg-con¬ 
taining feces during one grazing sea¬ 
son become largely non-infective for 
parasite-free lambs the following 
spring and summer. Using labora¬ 
tory procedures only and working 
with Haemonchus contortus, Shorb, 
also working near Washington, fail¬ 
ed to demonstrate over-winter sur¬ 
vival of the larvae. 

In an earlier and even more re¬ 
vealing article, Shorb showed the 
survival period of the common 
nematode larvae parasitic for sheep 
to be limited on summer pastures 
even in the presence of abundant 
shade and moisture. One such con¬ 
taminated pasture apparently be¬ 
came non-infective for parasite-free 
lambs in the short space of only two 
months. It is shown in the same 
paper that eggs passed during the 
winter and early spring do not de¬ 
velop to the infective larval stage. 
Feed-lot infestation of sheep, there¬ 
fore, except during periods of un¬ 
usually warm weather, may be of 
negligible importance. 

From the observations reported in 
this paper and the other papers men¬ 
tioned, a practical procedure for 
nematode control in sheep for the 
northern states might tentatively 
consist of individual, prepasture 
treatment of the ewes with the thera- 
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peutic dose of plienothiazine and 
their maintenance thereafter at pas¬ 
ture, together with the lambs, on a 
phenothiazine-salt mixture in the 
range of 1:9 to 1:14. It is believed 
a therapeutic dose of phenothiazine 
should also be given at the end of the 
pasture season. For best results, the 
animals should not at any time be 
maintained upon pasture occupied 
by parasitized untreated sheep dur¬ 
ing the preceding two months. 

SUMMARY AND CONCLUSION 

A lot of 348 sheep (191 ewes, 157 
lambs) maintained continuously up¬ 
on a 1 :14 phenothiazine-salt mixture 
throughout the dry lot and grazing 
seasons and handled as an isolated 
unit without contact, direct or indi¬ 
rect, with heavily parasitized, un¬ 
treated sheep, made a total gain of 
8,670 pounds from May 27 to Au¬ 
gust 3 (10 weeks). One animal died. 
Their progress was considered satis¬ 
factory. Post-mortem examinations 
of 95 lambs from this group showed 
internal parasites to be present. The 
phenothiazine-salt medication, there¬ 
fore, markedly suppressed but did 
not eliminate nematode infestation. 

A second lot of 350 sheep (187 
ewes, 163 lambs) treated individu¬ 
ally with phenothiazine at the be 
ginning of the grazing season and 
maintained thereafter upon the 
same phenothiazine-salt mixture but 
placed upon a pasture occupied the 
previous month by parasitized, un¬ 
treated sheep, made a total gain of 
only 10 pounds in the same period. 
Fourteen of these animals died and 
three others were sacrificed because 
of debility. Losses in this group un¬ 
doubtedly would have been much 
larger if they had not been treated 
individually with phenothiazine and 
placed on clean pasture. Post¬ 
mortem examination of 20 repre¬ 
sentative lambs indicated this group 
to be heavily parasitized. 

A third lot of 359 sheep (197 
ewes, 162 lambs) which was not 
treated after the treatment given at 
the end of the previous pasture sea¬ 
son developed marked symptoms of 
parasitism at the end of the second 
month on pasture. It was found 
they infested the pasture on which 
Lot 2 was placed the second month 
of the pasture season. Division of 
this lot and treatment with a thera¬ 
peutic dose of phenothiazine of all 
but 20 ewes and 20 lambs in this lot 
caused a marked recovery and in¬ 
crease in the gains. Post-mortem 
examinations, however, showed this 
lot to be rather heavily parasitized. 

The 1944 phase of the work com¬ 
pared the efficiency of a 1:9 and 
1:14 phenothiazine-salt mixture in 
controlling ovine nematodes. The 
lot receiving 1:9 consumed about 
48% more phenothiazine over a 48- 
day-period than the lot receiving the 
1:14 mixture. When offered both 
mixtures free-choice the amount of 
phenothiazine consumed was about 
the same, 114 pounds in the 1:9 mix¬ 
ture and 108 pounds in the 1:14 
mixture. The total consumption of 
the mix, however, when offered free- 
choice was 53% greater in the case 
of the 1:14 phenothiazine-salt mix¬ 

ture. 

From the observations made dur¬ 
ing 1943 and 1944 at the Dixon 
Springs Experiment Station it is 
concluded that a 1:9 or a 1:14 phe¬ 
nothiazine-salt mixture markedly 
protected the sheep from excessive 
parasitism when the animals, rela- 
th^ely free from internal parasites at 
the beginning of the trial were main¬ 
tained without contacting, directly 
or indirectly, other sheep. The same 
phenothiazine-salt mixture did not, 
however, protect sheep when they 
were placed upon a pasture recently 
contaminated by parasitized, un¬ 
treated sheep. 
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MEMORIALS 

JOHN C. HESSLER 

1869-1944 

John C. Hessler, President of the 
Decatur College and Industrial 
School of James Millikin University 
at Decatur, Illinois, died on July 29, 
1944. He was born at Syracuse, New 
York on November 27, 1869, the son 
of Jacob R. and Mary Shane 
Hessler. 

Early in life, J. C. Hessler was 
inclined toward the field of science. 
He attended the University of Chi¬ 
cago in the very early years of that 
institution, studying under the 
guidance of John Ullrich Nef. He 
was granted the degree of Doctor of 
Philosophy in 1899. During his 
years of study at the University of 
Chicago, he taught in the Chicago 

high schools and later became an 
instructor of chemistry at his Alma 
Mater. 

He came to James' Millikin Uni¬ 
versity as professor of Chemistry in 
1907. He continued in this position 
until 1917 when he became Dean of 
the Decatur College. In 1919 he 
served as Acting President. During 
his tenure at James Millikin Univer¬ 
sity, he trained many chemistry 
students who chose this field as their 
major subject. In those days a 
thesis, based on a piece of research, 
was required for a Bachelor’s Dc 
gree. Dr. Hessler trained his stu 
dents well in research methods, us¬ 
ing as subject matter new deriva- 
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tives of cyano-acetic acid. Many 
papers were published on this sub¬ 
ject by him and his students in the 
Journal of the American Chemical 
Society. 

In 1920 Dr. Hessler left the teach¬ 
ing profession to become an Assist¬ 
ant Director of Mellon Institute of 
Industrial Research at Pittsburgh, 
Pennsylvania. He served in this 
capacity for one year, but found 
that he much preferred teaching. He 
was called by Knox College at Gales¬ 
burg, Illinois in 1921 to the Chair 
of Chemistry, where he remained 
until 1934. 

It had been his plan to retire and 
to spend much of his time in his 
northern home at Land’s End, Wis¬ 
consin, but an urgent call from 
James Millikin University resulted 
in his decision to accept the presi¬ 
dency of that institution. He served 
as president of Millikin until his 
death in July 1944. 

Dr. Hessler was not limited in his 
field to Chemistry alone. He was 
an excellent student and teacher of 
History and Greek, as well as of 
Philosophy and Religion. H i s 
breadth of knowledge was recogniz¬ 
ed by memberships in Phi Beta 
Kappa, Sigma Xi, and Phi Lambda 
Upsilon. He was honored as a Fel¬ 
low in the American Association for 
the Advancement of Science. He 
was a member of the American 
Chemical Society and of the Nation¬ 
al Association. He served as pres¬ 
ident of the Illinois State Academy 
of Science, of the Illinois Associa¬ 
tion of Chemistry Teachers, and of 
the Federation of Illinois Colleges. 

Aside from his frequent contribu¬ 
tions to the Journal of the American 
Chemical Society and other educa¬ 
tional journals, Dr. Hessler wrote 
several well-known books. His ‘ ‘ Es¬ 
sentials of Chemistry” (with Albert 
L. Smith) appeared in 1902. Other 
works that followed were “First 
Year of Science” (1915), “Junior 
Science” (1919), “First Year of 
Chemistry” (19 3 1), “Warbook 
Manual of Chemistry” (1932), and 
“Understanding Our Environ¬ 
ment” (1939). 

Dr. Hessler married Maude C. 
Hutchins of Chicago in 1891. He is 
survived by Mrs. Hessler and their 
two children, Margaret C. Brookes 
and Herbert E. Hessler. 

Memorials are often erected to 
men who have exerted a profound 
influence upon their fellows. Among 
these is a portrait painted by the 
celebrated artist, Oskar Gross, who 
was commissioned to do the picture 
posthumously, by one of Dr. Hess¬ 
ler’s students, Dr. Viola M. Bell. 
The portrait was presented to James 
Millikin University by Dr. Bell in 
June 1945. But the memorial that 
possesses the farthest reaching in¬ 
fluence is the memory of the man in 
the minds of his friends and asso¬ 
ciates. On a canvas, Mr. Gross 
painted a great portrait of Dr. Hess¬ 
ler, but on the hearts of his students 
and associates, Dr. Hessler, himself, 
painted the portrait of a great gen¬ 
tleman. 

—W. F. Henderson, 

Chicago, Illinois 
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MARY MINERVA STEAGALL 

1867-1945 

Dr. Mary Minerva Steagall was a 
native of Southern Illinois, born at 
Golconda November 22, 1867. She 
was educated in the public schools of 
Pope County, at Southern Illinois 
Normal University, Illinois Normal 
University, the Marine Station at 
Friday Harbor, Washington, and 
the University of Chicago. From 
the latter school she held the degree 
of Bachelor of Philosophy. 

Dr. Steagall taught for fifty 
years; forty-two of these years were 
in the schools of Southern Illinois— 
five in the rural schools, seven in the 
high schools of Chester and Shaw- 
neetown, and thirty at Southern Illi¬ 
nois University. In the other eight 
years she was critic teacher in the 
Normal School at Ypsilanti, Michi¬ 
gan. 

Dr. Steagall came to Southern 
Illinois Normal University in 1908 
as a critic teacher in the training 
school. In 1910 she was transferred 
to the department of mathematics, 
and in 1913 to the department of 
biology, becoming head of the de¬ 
partment of Zoology when Biology 
was divided into Botany, Zoology, 
and Physiology. She played a very 
important part in the formative 
period of the college, helping to 
raise it to the standard of a first rate 
college. She retired in 1938 as pro¬ 
fessor of Zoology. Upon her retire¬ 
ment, some 100 of her former stu¬ 
dents gave a dinner for her and pre¬ 
sented her with a book of some 200 
appreciative testimonial letters, voic¬ 
ing the high esteem in which she 
was held by students, associates, and 
friends. 

Dr. Steagall was an inspiring 
teacher. She was highly critical of 
the work of her students, but always 
tempered her criticism in such a way 
that the student, instead of being 

offended, was spurred to greater 
efforts. An index to her influence is 
the fact that some three hundred stu¬ 
dents worked out majors or minors 
in Zoology while she was a teacher 
in the college. Of this number, 
more than half have completed work 
for advanced degrees in other uni¬ 
versities. At least 19 have Doctor of 
Philosophy degrees, and are teach¬ 
ing in colleges and universities. A 
number of these people have distin¬ 
guished themselves nationally. More 
than 60 have entered the medical 
profession. Others are teachers, 
nurses, veterinaries, laboratory tech¬ 
nicians, dentists, and so on. Many 
of her students have held assistant- 
ships or scholarships in such colleges 
and universities as Illinois, Minne¬ 
sota, Missouri, Iowa, Oberlin, Ohio 
State, Nebraska, Mississippi, Louisi¬ 
ana, Pennsylvania, and Michigan 
State. 

In her classes, Dr. Steagall con¬ 
tinually stressed that the student 
must keep an open mind; that 
Science recognizes no political or 
racial boundaries; and that a person 
should always receive full credit for 
his achievements, no matter what his 
creed. Her personal quality was 
further strengthened by a keen sense 
of humor. She was quick to per¬ 
ceive all the possibilities in a situa¬ 
tion, and to make adjustments to 
turn everything to good account. 
Her students and friends seldom 
meet nowadays but what sooner or 
later, in some discussion, her re¬ 
marks on this or that occasion are 
quoted, and her actions remembered. 

Students of Dr. Steagall were not 
forgotten upon graduation, but con¬ 
tinued to receive inspiration from 
their teacher by way of correspond¬ 
ence with students and friends and 
family. She devoted a part of each 
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day, even to the very last day, to 
letter writing. Her “thank-yon” 
notes were always a marvel to her 
many friends. 

In the field of Science she was 
nationally recognized. Her research 
was in the field of Ecology, with 
special reference to the relationship 
of soil acidity to plants and animals. 
She was recognized as an authority 
on the ferns of Illinois. As a mem¬ 
ber of many scientific societies, she 
frequently presented papers at state 
or national meetings of these socie¬ 
ties. She was made a Fellow of the 
American Association for the Ad¬ 
vancement of Science, in recognition 
of her ability as a teacher and re¬ 
search worker. This is an honorary 
recognition, and one of the highest 
that the American Association for 
the Advancement of Science be¬ 
stows. 

Her civic interests were wide. She 
was keenly interested in community 
problems, and active in local and 
state clubs of various kinds. Upon 
the establishment of the Park Board 
for the city of Carbondale, Dr. Stea¬ 
gall became a charter member of the 
Board. After her retirement from 
teaching, she was chairman of a com¬ 
mittee to lay out Nature Trails for 
Giant City State Park, and edited 
six bulletins on the natural phen¬ 
omena to be found in that park at 
each season of the year. As a mem¬ 
ber of the National Committee on 
Conservation and the Preservation 
of Natural Areas, she had an im¬ 
portant part in helping the Ecologi¬ 
cal Society of America set aside as 
National Monuments and Parks un¬ 
disturbed areas valuable for scien¬ 
tific study. These areas are scatter¬ 
ed throughout the United States. In 
recognition of her distinguished rec¬ 
ord in educational and civic affairs, 
she was selected by Delta Kappa 
Gamma as one of three Southern 

Illinois women who had contributed 
most to the development of the state. ■ 

Two hobbies from which Dr. Stea¬ 
gall derived a great deal of pleasure I 
were photography and gardening, j 
Every w7eek yielded new pictures of 
friends, gardens, and places of inter¬ 
est that she had visited. Her gar- j 
den, always well cared for, was open j 
at all times to everyone. Presents 
of flowers, bulbs, and plants w7ent 
to all her friends. 

She was also an experienced and i 
untiring traveller. She had the 
mark of a truly educated person— 
the ability to put all persons with 
whom she was associated thoroughly 
at ease, no matter wdiat their station. 
Practically every vacation she spent 
in travel—in the states, in Canada, 
Alaska, Mexico, Europe, and in j 

1940, around the world. From these 
travels she always came back with a 
wealth of experience to share with 
her students and her friends. In 
1941 she made her last trip to the 
West, going by bus, through the 
Black Hills; to the Bitter Root 
Mountains, where she w7ent on a 
pack trip of nearly two weeks; 
thence westward to Washington, 
Oregon, California; and home, by 
wray of Arizona and New Mexico. 
Former students and associates are 
located all along this route of her 
travels. 

In the passing of Dr. Mary Stea- ■ 
gaily the college has lost a distin¬ 
guished scholar and teacher. All 
v7ho knew her have lost a friend. She 
herself would most probably have us 
feel, not that she has gone, but that 
she is once more av7ay on those trav¬ 
els from wdiich she derived in part 
the quality that kept her young 
for nearly eighty years. 

—Willard Gersbacher, 

Southern Illinois Normal J 

University, Carbondale. 
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WILLIAM TRELEASE 

(1857-1945) 

Dr. William Trelease, so well 
known as the early head of the Mis¬ 
souri Botanical Garden, later of the 
Department of Botany at the Uni¬ 
versity of Illinois, and since his re¬ 
tirement in 1926 as the chief investi¬ 
gator of American Piperaceae, died 
at TJrbana on New Year’s day, 1945. 
He had been continuously active 

until about eleven weeks before his 
death. 

An extended account of the long 
professional career of Dr. Trelease 
is unnecessary here. The principal 
facts are summarized in the article 
by J .T. Buchholz in Science of Feb¬ 
ruary 3, 1945 (Vol. 101, No. 2617, 
pp. 192-1913), and there is a rather 
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full history, to 1927, in L. H. Pam- 
mel’s privately printed tribute en¬ 
titled “Prominent Men I Have Met. 
Ill Dr. William Trelease” (Ames, 
Iowa, 1927; 84 pp.). Of this, pp. 
75-84 form a list of Dr. Trelease’s 
publications, from 1879 to 1927. For 
this bibliography Dr. Pammel was 
under obligation to Dr. Stella M. 
Hague. 

William T release was born in 
Mount Vernon, N. Y. February 22, 
1857. At Cornell University he 
earned the B.S. degree (1880). He 
taught botany at the University of 
Wisconsin from 1881 to 1884. His 
graduate study, carried on during 
summers at Harvard, resulted in a 
doctor’s degree in 1884. He became 
in 1885, Engelmann professor of the 
Shaw School of Botany, at Washing¬ 
ton University, St. Louis. After the 
death in 1889 of Henry Shaw, Tre- 
lease carried out elaborate plans for 
converting Shaw’s garden and arbo¬ 
retum into a research institution and 
training school for floriculturists 
and gardeners, as well as an out¬ 
standing collection of living plants. 
Its herbarium and library (including 
the Sturtevant library of pre-Lin- 
naean Botany), and its publications, 
are among the world’s foremost. The 
development of the garden and the 
activities of its personnel are re¬ 
corded in its Annual Reports. 

A natural consequence of his ap¬ 
pointment at St. Louis was Tre¬ 
lease’s interest in Dr. George Engel¬ 
mann, his preparation (with the en¬ 
couragement and help of Asa Gray) 
of Engelmann’s collected botanical 
works, and of his continuation of 
systematic and ecological work on 
many of the groups Engelmann had 
studied (Yucca and its relatives, 
Agave, oaks, mistletoes, and various 
tree genera.) 

Dr. Trelease resigned in 1912, and 
in 1913 became head of the botany 
department at Illinois. When in 

1917 the state survey agencies were f 
reorganized under the Illinois State ! 
Natural Resources and Conservation 
Board, he became one of its mem¬ 
bers. 

It is hard to realize the extraordi- ! 
nary versatility of his knowledge, j 
his researches, his contacts with able 
men in science and in other fields, ! 
his administrative and other activi- [ 
ties. Early in his career he had 
formed the habit of travel to far 
places. Though time for advance 
preparation and for study in the | 
field was always limited, many of 
these journeys resulted in note- I 
worthy publications on particular 
groups of plants or on the general 
flora in such places as Mexico, the 
West Indies, and the Azores. The 
volume of his accomplishment is 
very great. Exceptional aptitude 
and industry, combined with unusu- ! 
al opportunity, operated over a pro- 
longed span of years to produce this 
volume. The list of his writings to 
1927 take up ten printed pages; 
after 1927, two closely typed pages. 
The number of species described by | 
Trelease, as estimated by Dr. Buch- 
holz, is over 2500. His productive j 
career from the earliest publication 
in 1879 until recently covered sixty- 
five years. 

In attempting to analyze Dr. Tre- 
lease’s researches, it was at first 
thought that one could divide his 
production into chronological pe- 1 
riods. This was found to be only 
roughly possible. His first publica- a 
tions, resulting from employment as | 
entomologist with the United States 
Department of Agriculture, dealt j 
with relations between flowers and j 
insects. The great interest in Dar- ; 
win’s studies was then at its height. || 
Trelease by omnivorous reading on 1 
pollination, quickly mastered this 
subject, and in the Bibliographical . 
Record in successive numbers of J 
Psyche during 1881, listed titles of j 
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practically all papers in that field, 
adding many brief annotations. His 
comprehensive accounts of nectar 
and nectar secretion are still stand¬ 
ard. Some of Trelease’s articles and 
reviews on pollination were soon 
reprinted or translated in European 
journals, and this quickly helped to 
make him widely known. 

His botanical studies at Harvard 
with W. G. Farlow and his teaching 
at Wisconsin were principally con¬ 
cerned with lower plants. Between 
1884 and 1904 he published many 
papers on bacteria, fungi, and plant 
diseases. He translated a Danish 
text in bacteriology by Salamonson, 
and also Poulsen’s Botanical Micro¬ 
chemistry. He wrote the systematic 
accounts for lower-plant groups, in¬ 
cluding ferns, for the reports of the 
Harriman Expedition to Alaska. 

Between 1892 and about 1912, a 
majority of Trelease’s published 
works dealt with Yucca, Agave, and 
their relatives. Other plants in 
rather wide variety were also treat¬ 
ed : prominent among these were 
woody plants of many families, with 
interest centering in oaks and in 
mistletoes as the next major groups. 
The pepper family was studied after 
1920, and became Dr. Trelease’s 
main interest. As separate publica¬ 
tions or as parts of more inclusive 
floras for particular countries, he 
has given detailed accounts of 
peppers of Panama, Costa Bica, 
Mexico, Hispaniola, the Duida high¬ 
land, and several South American 

countries. 
The historical development and 

the spatial distribution of the plant 
groups studied, receive attention in 

his descriptive works, and were em¬ 
phasized in such publications as his 
Agave in the West Indies. The bear¬ 
ing of the distribution of the flora 
of Central America and the Antilles 
on former land connections, and the 
geography of American peppers. 

Many other publications cover a 
wide range of topics, including 
swamps of southeastern Missouri, 
history of botany; techniques in gar¬ 
den, herbarium, and laboratory; 
biography, biliography, identifica¬ 
tion of trees in winter condition; 
articles in two cyclopaedias of horti¬ 
culture, and a city plan for St., 

Louis. 
For many years Dr. Trelease had 

been an active member of the Illinois 
Academy of Science. He contribut¬ 
ed several articles to the Proceed¬ 
ings, on oaks, and on the chestnut in 
its local native occurrence in south¬ 
ern Illinois. His prominent part in 
many other scientific societies may 
be seen from the article in Who’s 
Who in America. 

Dr. Trelease’s home life was ad¬ 
mired by his many friends. He was 
married in 1882 to Julia M. John¬ 
son. Of his four sons, the second, 
Sam Farlow Trelease, whose botani- 
ical career began on his father’s ex¬ 
peditions in Mexico, is professor of 
botany at Columbia University. 

The many students and associates 
of William Trelease will remember 
him as a helpful friend and coun¬ 
selor, as a leader in American sci¬ 
ence, and as an unassuming but 
famous botanist. 

—A. G. Vestal, 

University of Illinois. 
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ACADEMY BUSINESS 

SECRETARY’S REPORT ON THE BUSINESS OP THE 

ILLINOIS STATE ACADEMY OP SCIENCE 

For the Year May 7, 1944 to May 5, 1945 
Compiled by LEO R. TEHON, Secretary 

Illinois State Natural History Survey, Urbana 

During this year the Illinois State 
Academy of Science was more acutely 
affected by conditions resulting from 
the nation being at war than in either 
of the earlier war years. The calling of 
scientific personnel from the universi¬ 
ties, colleges, and secondary schools of 
the State to the service of the nation in 
civilian capacities and in the armed 
forces brought about a marked reduc¬ 
tion in active membership. Unrest 
among teachers, resulting in movements 
from this to other states in search of 
higher incomes with which to offset in¬ 
creased costs of living and burdens im¬ 
posed by large income taxes, and other 
factors, have also tended to reduce the 
membership of the Academy. Restric¬ 
tions on travel imposed by the Office of 
Defense Transportation and refusal by 
that office of permission for the Acade¬ 
my of Science to hold its regular annual 
meeting also adversely affected the pro¬ 
gram of the Academy. 

To the officers, the chairmen of sec¬ 
tions, the chairmen and members of 
standing and special Committees, and 
other officials the Academy is more than 
usually indebted for service exception¬ 
ally loyally rendered under extremely 
difficult and discouraging circumstances. 

1. COUNCIL MEETINGS 

Four meetings of the Council were 
held as usual during the year, President 
Otis B. Young presiding at each meeting 

The first Council meeting was held at 
DeKalb on May 6, 1944, following the 
annual meeting of the Academy at De- 
Kalb. The newly elected officers were 
introduced, the invitation to hold the 
1945 Academy meeting at Illinois State 
Normal University, Normal, was ac¬ 
cepted, Dr. Ralph U. Gooding was ap¬ 
pointed Second Vice-President and 
Chairman of the Committee on Local 
Arrangements for the 1945 meeting, and 
the time and place of the second Coun¬ 
cil meeting was set. 

The second Council meeting was held I 
at Urbana on November 18, 1944, with 
eleven members present. Reports were j 
heard and approved from the treasurer, 
secretary, committee on the budget, 
committee on codification of council { 
actions, the editor, the librarian, the 
collegiate section coordinator, and the 
general representative of the Junior 
Academy. The secretary was authorized 
to request libraries receiving the Trans¬ 
actions but not subscribing or offering 
exchanges, to subscribe at the rate of 
cne dollar per year. A proposal for an 
Illinois Journal of Science under Acade- | 
my sponsorship was discussed and a 
committee consisting of Dr. Hanford 
Tiffany, chairman, Dr. A. E. Emerson 
and Mr. J. C. McGregor was appointed 
to investigate all phases of the proposi¬ 
tion. A discussion of post-war objectives | 
for the Academy led to a proposal, by | 
Dr. Lyell J. Thomas, of a committee on 
living memorials: this committee, as 
appointed, consists of Dr. Thomas, 
chairman, Dr. Nelson Spaeth, Mr. Joel 
C. Loomis and Dr. M. M. Leighton. From 
a discussion of possible permanent head¬ 
quarters for the Academy, it developed 
that the projected new State Museum 
building had been so planned as to pro¬ 
vide expanded facilities to meet the 
Academy’s needs 

The third Council meeting was held 
at Normal on February 24, 1945, with 
14 persons present, including members 
of the council and section chairmen. 
Reports were heard and approved from 
the treasurer, secretary, librarian, com¬ 
mittees on membership, affiliations, and 
codification of council actions. The 
Secretary reported that the Academy 
would receive $206.50 from the A.A.A.S. 
to be used for research grants. Follow¬ 
ing the announcement that the Office of 
Defense Transportation had refused the 
Academy permission to hold its annual 
meeting, discussion as to how the busi¬ 
ness and activities of the Academy could 
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be carried on brought forth the follow¬ 
ing resolution, which was adopted: It 
is the opinion of this body that the duty 
of doing the executive work of this asso¬ 
ciation and of determining how the 
officers and standing committees shall 
be elected belongs to the Council in this 
emergency. Procedures agreed upon 
included the following: the appoint¬ 
ment of a nominating committee as 
usual; submission of the slate proposed 
by the nominating committee to the 
membership with opportunity for the 
membership to vote by mail; the hold¬ 
ing of an executive session on May 5, 
1945, in place of the annual meeting; 
section chairmen to solicit papers for 
the Transactions and to submit them at 
the executive session. The President 
appointed the following committees to 
function in the interim and report at 
the executive session: Committee on 
dominations, A. R. Wanless, chairman, 
L. J. Thomas, and R. F. Paton; Commit¬ 
tee on Auditing, W. W. Grimm, chair¬ 
man, W. Thomas, and L. P. Elliott; 
Committee on Resolutions, T. T. Quirke, 
chairman, Walter B. Welch, and M. M. 
Leighton; Committee on necrology, Gil¬ 
bert Wright, chairman, A. G. Vestal, and 
R. U. Gooding. To fill the vacant chair¬ 
manship of the Botany section, Dr. 
Hiram F. Thut was selected. 

The fourth Council meeting was held 
at Normal on May 5, 1945, as part of 
the executive session of the Academy. 

2. EXECUTIVE SESSION 

The regular annual meeting of the 
Academy having been prohibited by di¬ 
rect order of the Office of Defense Trans¬ 
portation, an executive session of the 
Academy was held, in lieu of the annual 
meeting, at Illinois State Normal Uni¬ 
versity, Normal, on May 5, 1945. In 
attendance were the officers of the 
Academy, Council members, section 
chairmen, chairmen and members of 
standing and special committees, and 
several past presidents. The attendance 
was within the limit imposed by the 
Office of Defense Transportation. 

The executive session opened at 9:30 
a. m. and adjourned at 4:30 p m., with 
President Otis B. Young presiding, and 
was divided into five periods, the fourth 
Council meeting of 1944-45 and a gen¬ 
eral business session in the morning, a 
period for the President’s address, a 
final business session, and the first regu¬ 
lar Council meeting of 1945-46 in the 
afternoon. At a noon luncheon the 

recipients of A.A.A.S. fund research 
awards were announced. 

Reports of officers and of special and 
standing committees were heard and ap¬ 
proved, the mail vote for new officers 
was canvassed and officers, representa¬ 
tives, and standing committee chairmen 
and members, as shown on pages 2, 3 
and 4, were declared elected. Section 
chairmen presented, by title, 18 papers 
for submission to the committee on pub¬ 
lications, and final date for the submis¬ 
sion of additional papers was set as 
May 19, 1945. 

Among the business items, a proposed 
new State Museum building received 
much consideration, because of the vital 
interest of the Academy in the develop¬ 
ment of the State Museum to serve more 
adequately the needs of all citizens of 
the State. A special committee on State 
Museum Building, consisting of Dr. Per- 
cival Robertson, chairman, Dr. C. L. 
Furrow, Mr. F. W. Aldrich and Dr. E. L. 
Stover was appointed, the duty of the 
committee being to advocate the imme¬ 
diate construction of a new State Muse¬ 
um building as a part of the State’s 
postwar construction program. 

3. SECTION MEETINGS 

Memberships of the Chemistry section 
and the Physics section being closely 
allied with affiliated teachers organiza¬ 
tions, the chairmen of these sections 
arranged for joint meetings and presen¬ 
tation of papers with the Illinois Chem¬ 
istry Teachers Association at Normal on 
April 28, 1945, and with the Illinois 
Physics Teachers Association at Urbana 
on May 5, 1945. Papers presented by 
Academy members at these meetings 
were submitted to the Academy for pub¬ 
lication. Dr. G. C. Finger was elected 
chairman of the Chemistry Section and 
Dr. C. E. Ireland was continued as 
chairman of the Physics Section for the 
coming year. 

4. REPORT OF THE COMMITTEE 

ON BUDGET 
The committee on budget met in 

Galesburg, August 26, 1944. After giv¬ 
ing consideration to past accounts of the 
Academy and taking into consideration 
the amounts, as estimated by the treas¬ 
urer, to be received by the Academy 
during the 1944 fiscal year, the commit¬ 
tee agreed that the folllowing recom¬ 
mendations be made. 

1. In view of the recent decline in 
membership of the Academy and the 



136 Illinois Academy of Science Transactions 

further decline to be anticipated during 
the war, resulting in decreased income 
from annual dues, this committee 
recommends that the expenditures of 
the Academy for 1944 be kept within the 
estimated income for the year of 
$715.00. 

2. In order to accomplish the end 
aimed at in recommendation 1, this com¬ 
mittee further recommends that the ex¬ 
penditures of the Academy be apportion¬ 
ed in the following amounts, which are 
adjustments of similar expenditures 
made in recent years 

Officers’ expense .$ 30.00 
Travel to interim council meet¬ 
ings, postage, and other inci¬ 
dental costs. 

Treasurer’s office . 25.00 
Postage and other costs neces¬ 
sary in the collection of dues 
and fees and the handling of 
the Academy’s funds. 

Secretary’s office . 50.00 
Postage, mimeograph supplies, 
telephone and telegraph, and 
other costs necessary to the 
transaction of the Academy’s 
business. 

Stenographic services . 25.00 
As authorized for the Secre¬ 
tary’s office. 

Editor’s expenses . 10.00 
Corporation registration. 2.00 
Transportation of Transactions. . 85.00 
Honoraria, as authorized by the 

constitution: 
Secretary. 100.00 
Editor . 150.00 

Annual meeting: 
Program development, includ¬ 

ing section chairmen’s costs 48.00 
Program printing . 150.00 
Lecturer . 20.00 

Total .$695.00 
3. This committee recommends that 

the sum of $25.00 be made available to 

the committee on membership, for the 
purpose of enlarging the Academy’s 
membership. It considers that the work 
of the committee on membership should 
be self-supporting annually, that sums 
advanced in its behalf should be return- 
ed to the Academy during the year in i 
the form of initiation fees and dues, and 1 
that amounts additional to the $25.00 
recommended may be made available if I 
returns justify doing so. 

4. With respect to Junior Academy 
funds, this committee recommends that, 
in view of the curtailment in Junior 
Academy activities, expenditures by the 
Junior Academy amount to not more 
than $100.00,. and that all funds collected 
in excess of this amount be retained by 
the treasurer for use in postwar devel¬ 
opment of the Junior Academy. 

5. This committee recommends that 
life membership funds held by the treas¬ 
urer be invested in behalf of the Acade¬ 
my in Series G government bonds, that 
such funds, and the investment of them, 
be regarded as additions to the Acade¬ 
my’s endowment fund, as required by 
the constitution, and that interest de¬ 
rived from such bonds be added to the 
income of the Academy. 

6. This committee recommends that 
excess money held in bank on the 
Academy’s checking account, including 
Junior Academy funds, be invested, in 
amounts determined by the experience 
and judgment of the treasurer, in short 
term government bonds, and that any 
income from such investments be added 
to the income of the Academy. 

This report has been read and ap¬ 
proved by each member of the commit¬ 
tee on budget, and his signature is at¬ 
tached hereto . 

(Signed) C. L. Furrow, Chairman 
Carl G. Hartman 

Leo R. Tehon, Secretary 
John Voss, Treasurer 
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5. REPORTS OF THE TREASURER AND THE COMMITTEE ON AUDITING 

(a.) Report of the Treasurer for the Year May 1, 1944 to Aprie 30, 1945 

Receipts 

Balance on hand April 30, 1944. 
Dues and initiation fees: 

Annual members . 
Affiliated societies . 

Efife memberships . 
Interest from Forbes and Meyer real estate.. 
Refund on postage. 
Library . 
Research grant by the A. A. A. S. 
Junior Academy: 

Dues . 
Sustaining members . 
Sale of pins. 

.$ 

$ 586.10 
2.00 

45.60 
310.00 

33.08 

1,134.32 

588.10 
199.00 

18.00 
11.69 

1.00 
201.50 

388.68 

Expenditures 

Officers’ expenses .$ 
Section Chairman’s expenses. 

Postage, Treasurer’s office 
Expenses of Secretary.... 
Corporation registration . 
Research grants: 

C. L. Bieber. 50.00 
C. C. Hoff. 50.00 
W. M. Reid. 51.50 
W. Welch . 50.00 

Secretary, honorarium . 
Editor, honoraria (1943-44, 1944-45).... 
Librarian, postage . 
United States Savings Bonds, Series “G” 
Junior Academy. 

$ 2,542.29 

48.66 
18.00 
67.86 

1.00 

201.50 
150.00 
300.00 

61.72 
200.00 

63.82 

Balance in the Commercial National Bank of Peoria 

$ 1,112.56 
1,429.73 

$ 2,542.29 
Statement of Resources, April 30, 19Jf5 

Balance in the Commercial National Bank of Peoria.$ 1,429.73 
Certificate of Interest No. 13 for Forbes Building (Chicago) for an value 

Aggregate Principal Amount of $300.00.unknown 
Certificate of Interest No. 15 for Meyer Block Leasehold (Chicago) for an value 

Aggregate Principal Amount of $300.00.unknown 
United States Savings Bonds, Series “G”. 200.00 

$ 1.629.73 

The membership of the Academy consists of 54 life members, 48 new annual 
members, 8 new life members, 17 sustaining members, 476 members paid up to and 
including the year 1945, 130 members one year in arrears, 39 members two years 
in arrears. The total membership is 772. 

During the year 7 members have resigned, 7 have died, and 46 have removed 
leaving no forwarding address. 

Respectfully submitted, 
(Signed) John Voss, Treasurer. 



138 Illinois Academy of Science Transactions 

(b.) Report of the Auditing Committee 

May 2. 1945 
Illinois State Academy of Science 
200 Dixon Avenue 
Peoria, Illinois: 

This is to certify that at the close of 
business April 30, 1945, balance stand¬ 

ing to the credit of the account of Illi* j 
nois State Academy of Science on our 
books was $1,429.73. 

Yours very truly, 
(Signed) J. W. Luke, Cashier 

Commercial National Bank of Peoria 
Peoria, Illinois 

May 3, 1945 
We have examined the Treasurer’s records and find them correct. The present 

financial status of the Academy is as follows: 
Cash on hand on deposit with the Commercial National Bank of Peoria. .$ 1,429.73 
Series “G” U. S. Savings Bonds. 200.00 

value 
Meyer Block Leasehold Certificate No. 15 original value of $300.00.unknown 

value 
Forbes Building Leasehold Certificate No. 13 original value of $300.00... . unknown 

Total Assets .$ 1,629.73 
Of the total assets the sum of $324.86 represents the Junior Academy balance. 

Sustaining members contributed $310.00 during the year to the Junior Academy. 
Respectfully submitted, 

Committee on Auditing 
(Signed) W. W. Grimm 

Walter W. Thomas 

L. P. Elliott 

6. REPORT OF THE LIBRARIAN 

Upon recommendation of the Acade¬ 
my Council, the Transactions Volume 
37, 1944, was published as a single 
volume and not issued as a quarterly. 
The publication went into the mails 
early in January, 1945. It was printed 
and distributed by the Illinois State 
Museum according to the usual policy. 
Mailing expenses were covered by the 
Academy, from its treasury. As now 
printed, the Transactions may be sent 
at regular book rate. 

Exchanges with other scientific socie¬ 
ties were maintained. A demand exists 
among exchange libraries for out-of- 
print volumes of the Transactions. Mem¬ 
bers willing to part with old copies 
should notify the librarian. Nearly all 
volumes published previous to volume 
24, 1931, are now out of print. 

A further demand for back volumes is 
anticipated by the librarian to aid in 
the restoration of scientific libraries de¬ 
vastated by the war. Members wishing 
to donate copies of their Transactions 
for this purpose are advised to notify 
the librarian. 

As approved by the Council, publica¬ 
tions received on exchange by the 
Academy librarian are incorporated in¬ 
to Illinois State Museum library. These 

publications are available through loan 
to members of the Academy . 

Respectfully submitted, 
(Signed) Gilbert Wright, Librarian 

7. REPORT OF THE COMMITTEE 
ON NECROLOGY 

(See also pp. 127-133 in this volume.) 

The Illinois State Academy of Science 
has recently lost through death the fol¬ 
lowing esteemed members: 

Mr. William F. E. Gurley (life mem¬ 
ber), The University of Chicago, whose 
death occurred June 27, 1943. 

Dr. John C. Hessler (life member), 
James Millikin University, Decatur, Illi¬ 
nois, whose death occurred July 29, 
1944. 

Miss Mary Steagall, Southern Illi¬ 
nois State Normal University, Carbon- 
dale, whose death occurred March 28, 
1945. 

Dr. Joseph L. Sherrick, Monmouth, 
Illinois, whose death occurred July 28, 
1944. 

Dr. M. T. Townsend, Illinois Wes¬ 
leyan University, Bloomington, whose 
death occurred October 20, 1944. 

Dr. William Trelease (life member) 
University of Illinois, Urbana, whose 
death occurred January 1, 1945. 
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Mr. Charles M. Turton (life mem¬ 
ber) Chicago, Illinois, whose death oc¬ 
curred on November 24, 1937. 

Respectively submitted, 
(Signed) Gilbert Wright 

Chairman, Committe on Necrology 

9 REPORT OF THE COMMITTEE 
ON AFFILIATIONS 

As a result of very profitable corre¬ 
spondence with every member of the 
committee and many letters to and from 
the secretary of the Academy, a policy 
for the year was established: 

1. A few members of the committee 
agreed to try to interest the few Science 
Clubs known to them, that are not al¬ 
ready sustaining members, to become 
such. 

2. Former sustaining members would 
be contacted by the secretary of the 
Academy. 

3. Letters should be written to com¬ 
panies dealing in scientific supplies, 
pointing out to them the advantages of 
assisting the work of the Junior Acad¬ 
emy and that by becoming sustaining 
members of the Academy they would 
further this work. Twenty such letters 
were written and two memberships 
totaling twenty dollars were obtained. 
Letters from four others were received, 
in which interest was indicated and 
either more information was asked re¬ 
garding the Junior Academy or we were 
asked to present the same matter in an¬ 
other year. 

Respectfully submitted, 
(Signed) 

Percival Robertson, Chairman 

10. RESOLUTIONS REPORTED BY 
THE COMMITTEE ON RESOLU¬ 
TIONS AND APPROVED BY 
VOTE 

(a.) Resolution Honoring William 

Trelease 

WHEREAS, The Council of the Illi¬ 
nois State Academy of Science, meeting 
at Illinois State Normal University on 
February 24, 1945, has been apprised of 
the death of William Trelease, for many 
years a member of the Academy; be it 

Resolved, That the Council, on be- 
Jialf of the Academy, pays honor to the 
memory of William Trelease, as noted 
botanist, productive researcher, servant 
of the people, constructive force as head 
of the Botany Department of the Uni¬ 
versity of Illinois, and member of the 
Illinois State Board of Natural Re¬ 
sources and Conservation, teacher and 

leader of botanists, father of scientists, 
and life member of this Academy; and 
be it further 

Resolved, that this resolution be 
spread upon the minutes of the Illinois 
State Academy of Science. 

(b.) A Resolution Regarding an Illi¬ 

nois State Museum Building 

The Illinois State Museum is an insti¬ 
tution rendering unique service to the 
entire Commonwealth in education, in 
human culture, and in the utilization of 
natural resources. It has already dis¬ 
charged important functions in the de¬ 
velopment of the State and will do much 
more when facilities are given, but it 
has reached its absolute limit under 
present conditions. 

The Illinois State Academy of Science, 
representing all the scientific interests 
of the State, familiar with the present 
limitations of the State Museum and 
cognizant of the essentiality of the State 
Museum to the fullest development of 
science, art, industry, and commerce in 
Illinois, urges that provision be made 
for immediate construction of the pro¬ 
posed State Museum Building. The Illi¬ 
nois Academy of Science earnestly 
recommends that the erection of this 
building be given high priority in the 
building program presented to the pres¬ 
ent General Assembly. 

11. REPORT OF THE COMMITTEE 
ON PREMEDICAL EDUCATION 

Following the 37th Annual Meeting in 
1944, a more thorough study of statistics 
was made, and the corrected report then 
became the final report. Only minor 
changes were made. In June, 1944, 
there was an informal meeting of the 
national officers of Alpha Epsilon Delta, 
national premedical fraternity, with a 
number of invited guests, during which 
there was some discussion of the work 
of this committee. As a result, the 
chairman was asked to present the re¬ 
port in full at a symposium under the 
sponsorship of Alpha Epsilon Delta 
during the Cleveland session of the 
A. A. A. S. Owing to last minute diffi¬ 
culties, he was unable to attend, but a 
brief informal report was made by Dr. 
Victor Johnson. Subsequently, the re¬ 
port was published in The Scalpel. offi¬ 
cial organ of Alpha Epsilon Delta. More 
recently, the report was published in the 
Illini Scope, the student publication of 
the University of Illinois Chicago Col¬ 
leges. 
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In October 1944, the chairman read a 
paper, incorporating the report, before 
the annual meeting of the Association of 
American Medical Colleges. This will 
be published in the official Journal of 
that organization. 

After much informal discussion and 
correspondence as to functioning of the 
committee, it seemed advisable to real¬ 
locate the work as follows: 

1. A modified questionnaire will be 
presented to students in the medi¬ 
cal schools in Illinois so that each 
class not previously canvassed will 
be asked to cooperate. The indi¬ 
vidual colleges will be asked to 
sponsor this activity but to turn 
over the returns to the chairman 
of this committee for study and 
analysis and the results will be 
filed with the secretary of the 
Academy. 

2. Professors Bockstahler and De 
Bruine have been asked to serve 
as a subcommittee to study further 
the place of Physics in the premed¬ 
ical program and make further 
recommendations. 

3. Professor Hall has been asked to 
function in a similar capacity with 
regard to English. Both subcom¬ 
mittees are accorded the privilege 
of inviting collaboration from 
sources other than the membership 
of the Academy if they so desire. 

An analysis of student comments in 
the questionnaires previously used re¬ 
garding the place of Latin and Greek 
was incorporated in a paper for the 
Classical Outlook. 

If it is desired that the committee 
continue to function officially, it is 
recommended that the following names 
be not included: Drs. Foley and Rey¬ 
nolds, Mr. A. C. Brookley. The other 

members will continue to serve if it is 
desired, or will be glad to give way to 
other appointments if this should be 
desired. 

(Signed) C. I. Reed, Chairman 

12. REPORT OF THE COMMITTEE 
ON RESEARCH GRANTS 

I herewith transmit the recommenda¬ 
tions of the committee on research 
grants of the Illinois State Academy of 
Science. After careful consideration by 
mail followed by a face-to-face discus¬ 
sion by Doctors Ball, Freeland and my¬ 
self, we recommend the following allot¬ 
ments: 

Dr. C. L. Bieber of North Central 
College, Naperville, $50.00; to enable 
him to proceed with additional field 
work on a project dealing with basal 
Galena and Decorah relationships. 

Dr. Mary Gojdics of Barat College, 
Lake Forest, $56.50; to aid her in 
preparing a monograph of the genus 
Euglena. 

Dr. C. Clayton Hoff of Quincy Col¬ 
lege, Quincy, $50.00; for use in con¬ 
tinuing his work on pseudoscorpions. 

Dr. K. Lucille McClusky of St. 
Xavier College, Chicago, $50.00; to 
aid her in the study of methods of the 
preparation of ethers of the type 
found in thyroxin. 
Total amount available.$206.50 
Total allotment recommended. $206.50 

We regret that lack of funds prevents 
our making recommendations for aid to 
other worthy applicants. We further 
recommend that each person receiving a 
grant-in-aid be asked to report progress 
to the secretary on or before the next 
annual meeting of the State Academy. 

Respectfully submitted, 
(Signed) W. C. Allee, Chairman 
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ADDRESS OF THE PRESIDENT 

THE BIOLOGICAL BASIS OF SOCIAL COOPERATION 

ALFRED E. EMERSON 

The University of Chicago 

President, Illinois State Academy of Science, 1946-1946 

Within the life-time of many of 
us, the human mind has been shock¬ 
ed by two world wars. Natural 
scientists are being blamed for the 
increased intensity and appalling de¬ 
structiveness of military weapons. 
The fury of explosives and fire has 
overwhelmed civilian areas as well 
as military targets. Even before 
the advent of the atomic bomb, the 
annihilation of cultural accumula¬ 
tions and the death and paralyzing 
misery that man wreaked upon man 
was stupendous. A future atomic 
war will surely destroy our civiliza¬ 
tion and stop human progress for 
decades if not for centuries. Is it 
any wonder that the popular mind 
is concentrating more upon the de¬ 
structive phases of scientific knowl¬ 
edge and less upon the life-saving, 
and inspiring advances of scientific 
discoveries ? 

Few believe it possible to con¬ 
struct a world government devoted 
to the well-being of all mankind be¬ 
fore rival nations succeed in destroy¬ 
ing each other. This pessimism is 
partly based upon a lack of confi¬ 
dence in the efficacy of traditional 
diplomacy and statesmanship, partly 
upon the apparent amoral ingenuity 
of the natural scientists, and partly 
upon the conviction that there is an 
innate principle in human nature or 
in the universe that drives man inev¬ 
itably toward national, racial, and 
class warfare. Man’s inborn aggres¬ 
siveness, the struggle for existence, 

the survival of the fittest, “nature 
red in tooth and claw,” the “law of 
the jungle”—all are used to ration¬ 
alize our failure to attain world 
peace and security. 

The importance of the biological 
basis of society has been debated. It 
is also probably an open question 
whether an intelligent and scientific 
discussion of the biological factors 
can in any way influence our politi¬ 
cal emotionalism. I am of the opin¬ 
ion that, among others, biological 
factors exert important social influ¬ 
ences. Sex, family, and such basic 
aspects of social integration as the 
dominance of the top individuals in 
the social hierarchy antedate the 
emergence of Homo sapiens. Com¬ 
petition, cooperation, and selection 
have influenced the evolution of 
these lower population levels and are 
likewise still affecting the societal 
evolution of modern man. 

I am going upon the assumption 
that man is a rational rather than 
merely a rationalizing animal, that 
intelligence—especially that based 
upon scientific knowledge—has been 
and in the future may be used as a 
guide for social evolution, and that it 
is one of our immediate objectives to 
correct social thinking based upon 
scientifically fallacious concepts. 
Scientists engaged in teaching, par¬ 
ticularly teachers in high schools, 
colleges and universities, have both 
the opportunity and the privilege of 
assisting in the formation of a scien- 
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tifically sound social philosophy, and 
in this moment of great global peril, 
it behooves us to direct our combined 
efforts in this direction. Once the 
guiding principles become clear, it 
is also our duty as citizens to take 
political action in whatever way be¬ 
comes possible. Scientists have tradi¬ 
tionally avoided mixing their objec¬ 
tive laboratory or field studies with 
their admittedly subjective political 
opinions. Recent events, however, 
prove that scientists are immersed in 
politics whether they like it or not. 
Instead of avoiding the problem, let 
us attempt to raise the quality of our 
social thinking to an approximation 
of our scientific logic. Let the natur¬ 
al and the social scientists work to¬ 
gether toward this end. Democracy 
is dependent upon an informed and 
broadly intelligent electorate. 

Have scientists formulated guid¬ 
ing principles applicable to social 
evolution? Many natural scientists 
have spoken on social problems, and 
in numerous cases these pronounce¬ 
ments are not considered valid. For 
example, I recently read an address 
by the Chancellor of the University 
of Munich given a decade ago justi¬ 
fying Nazi ideology through biologi¬ 
cal rationalization. There is always 
a danger that emotionalism may out¬ 
weigh scientific logic, particularly 
in the analysis of human affairs. Let 
us be explicit in recognizing and 
evaluating our biases. None of us 
are infallible, but truth tends to 
survive error. 

Conflict and cooperation are both 
apparent in human society. Conflict 
and competition have both con¬ 
structive and destructive aspects, 
and cooperation may lend itself to 
destructive exploitation. What is 
the biological background for these 
social manifestations? I think that 
it can be demonstrated that competi¬ 
tion and cooperation are attributes 
of organization and are as truly 

characteristic of life as is protoplasm 
itself. Known natural forces guide 
living systems away from destruc¬ 
tive competition toward toleration, 
integration, and cooperation. Once 
such a principle is established, the 
scientist as such may not be in a 
philosophical position to state what 
ought to be done; but he can predict 
to a certain extent the consequences 
of our failure to conform to natural 
law. As a human, the scientist has 
as much right to make moral judg¬ 
ments as any other individual, and it 
seems to me quite possible to har¬ 
monize our scientific and our ethical 
thinking. 

The concept of cooperation at first 
sight would seem to be at variance 
with our usual picture of the rela¬ 
tions of organisms in the sea, forest, 
or desert. These ecological commu¬ 
nities, however, are in the process 
of being carefully investigated and 
certain generalizations are beginning 
to emerge. We find much orderabil- 
ity in the community that indicates 
the existence of an interspecies level 
of biological integration. Quantita¬ 
tive gradients of a variety of en¬ 
vironmental factors order the system 
in numerous directions. These 
gradients in turn establish thresh¬ 
olds of survival that result in a 
qualitative differential between 
parts of the system. 

As an example, the edge of a for¬ 
est lias more light close to the 
ground than in the deep woods; 
there are greater extremes of tem¬ 
perature at the edge than in the mid¬ 
dle ; there is greater evaporation at 
the borders; and there is likewise 
greater air movement. With such 
contrasts in physical factors goes a 
quantitave difference in the abund¬ 
ance of many species of organisms 
including the food-producing plants, 
the plant-eaters among the animals, 
and the scavengers, predators, and 
parasites in the complex food-web. 
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When the quantitative change in the 
abundance of any given species 
reaches zero, a qualitative change of 
species in the system occurs and 
gross changes in the interdependent 
relationships ensue. Not only do 
gradients occur from the borders to¬ 
ward the interior, but striking vari¬ 
ables are found from the forest 
canopy to the subterranean level re¬ 
sulting in stratification; gradations 
occur from low-lying swamp forests 
to well-drained upland forests, from 
temperate to tropical forests, from 
island to continental forests, from 
sandy to clay soils, and from acid to 
alkaline soils. 

Not only do we find gradations 
giving spatial organization, but we 
also find temporal sequences. In the 
Indiana dunes on the shore of Lake 
Michigan, poplars are replaced in 
time by pines, pines give way to 
oaks, and oaks are succeeded by the 
climax beech-maple forest. The 
earlier stages of this succession pro¬ 
duce conditions that result in the 
further development of the commu¬ 
nity. For example, the accumula¬ 
tion of humus in the soil with conse¬ 
quent lessening of the evaporation 
of moisture gradually eliminates the 
species adjusted to dry conditions 
and allows the survival of species 
adjusted to more moist conditions. 
The earlier stages of succession are 
not self-perpetuating, but the climax 
forest becomes stable and self-per¬ 
petuating together with all its de¬ 
pendent organisms. 

The development of the commu¬ 
nity through these temporal stages 
involves several directional trends. 
In the early stages, the number of 
species are few, their environmental 
conditions fluctuate more widely, 
and the elimination of individuals 
and species by physical extremes is 
more prevalent. In the climax com¬ 
munity, the environmental fluctua 
tions are less extreme, the conditions 

Social Cooperation 

are favorable for more species, the 
interrelations become more complex, 
and there is a greater biotic interde¬ 
pendence. In the earlier successional 
stages, survival depends more upon 
the adjustment to severe physical 
conditions. In the mature communi¬ 
ty, survival depends more upon the 
adjustment of the species to the 
other living organisms. Organisms 
in both the early and simpler as well 
as in the late and complex stages of 
community development have to be 
adjusted to both physical and biotic 
conditions, but the number of eco¬ 
logical niches increases in the later 
stages of community development 
and the biotic factors increase mark¬ 
edly in complexity as the physical 
factors become more uniform, more 
stable, and more optimal. 

Within these complexes we find 
species in conflict and competition, 
species that tolerate each other and 
live side by side, and species that 
survive through mutualistic and 
reciprocal benefit. These relation¬ 
ships set up survival values that sort 
a large number of genetic variables, 
thus giving rise to selection pres¬ 
sures that move the whole assem¬ 
blage along another temporal dimen¬ 
sion that is termed organic evolution. 

For the purpose of this discussion, 
I am grouping the various inter¬ 
species relationships into four cate¬ 
gories—mutual harm or disopera- 
tion, unilateral benefit including 
much conflict and competition, mu¬ 
tual harmlessness or toleration, and 
mutual benefit or cooperation. Be¬ 
cause of selection pressure, these 
categories have a certain evolution¬ 
ary order in some cases. 

There may be every gradation be¬ 
tween these categories, and classifi¬ 
cation may be quite confused at 
times. A species may be harmful to 
another species at one stage in its life 
cycle and beneficial at another. The 
activities such as feeding, defense, 
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and reproduction may vary in their 
beneficial and harmful effects upon 
other species. However, it is pos¬ 
sible to demonstrate that these cate¬ 
gories have more than a mere formal 
order. 

Cases of mutual harm are hard 
to find in nature and the reason is 
clear. As an example, a lighthouse- 
keeper on a small island found intro¬ 
duced rabbits eating his vegetable 
garden. He brought in cats to con¬ 
trol the rabbits. The cats ate every 
rabbit on the island and then starved 
to death as there was no other avail¬ 
able food. The relationship of cats 
to rabbits was thus mutually harm¬ 
ful. Such a relationship eliminates 
itself and is usually found only 
when man has brought unadapted 
species together or otherwise drasti¬ 
cally upset the balance of nature. 
The Chestnut Blight introduced by 
man from the orient eliminated the 
Chestnut tree from our eastern de¬ 
ciduous forests. With the death of 
the host, the fungus also lost its 
main food supply. The oriental 
chestnut, however, has not been elim¬ 
inated by the Chestnut Blight in its 
original home and the fungus is also 
more successful. We may thus state 
that disoperation is more likely when 
two species come in contact for the 
first time and have no common evo¬ 
lutionary history within the same 
community. Cases of drastic dis¬ 
operation are not easily found in 
nature because of the obvious selec¬ 
tion against such relationships. 

Unilateral benefit including much 
conflict and competition is a major 
aspect of community relationships. 
Some environmental necessities are 
in superabundance, and species are 
not in conflict or competition as they 
acquire what they need. On the 
other hand, many necessities are in 
limited amounts insufficient for all, 
and the struggle of acquisition sets 
up strong selection pressures. Selec¬ 

tion for more efficient predation may 
direct the evolution of a predator, \ 
but such an advantage increases the 
selection pressure toward more effi¬ 
cient escape mechanisms of the prey, 
thus tending to balance the relation¬ 
ship. A balance between predator f 
and prey may be reached immediate¬ 
ly without evolution. For instance, 
a food species that is increasing may 
bring about an increase in the pre¬ 
dator or parasite that in turn de- i 
creases the food species and thus | 
decreases the number of predators 
or parasites. Both species will thus 
fluctuate periodically up and down 
from the mean population density. 
This is a form of equilibrium found 
in nature, but we must not forget 
that such a relationship sets up selec¬ 
tion pressures that in turn result in 
an evolutionary movement toward 
better and better predatory devices 
and better and better escape mech¬ 
anisms. Consequently a certain 
balance is maintained in time in 
spite of the evolutionary progression 
of the competitive system. 

The evolutionary advance of large 
numbers of species with interde¬ 
pendent relationships of great com¬ 
plexity gives rise to community or¬ 
ganization expressed in such terms 
as the web of life, the food-chain, 
and the pyramid of numbers. Such 
integrations are characteristic of 
ver}^ different communities—for ex¬ 
ample, those of the open sea and 
tropical continental regions. 

It should be recognized, however, 
that there is an evolutionary move¬ 
ment away from drastic conflict and 
eliminative competition toward more 
tolerable relationships. At first sight 
this directional change is not always 
apparent, particularly if one focus¬ 
es upon the individual and not up¬ 
on the population. For example, an 
individual puma may be in conflict 
with an individual deer with a re- ; 
suiting unilateral benefit to the 
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puma. It so happened that, in the 
Raibab forest of Arizona, man had 
“altruistic” regard for the deer be¬ 
cause he wished to do the killing of 
the deer himself. He therefore 
“saved” the deer by eliminating the 
pumas. The result was that the deer 
increased in numbers, could not sur¬ 
vive on the limited winter food sup¬ 
ply, and died by the thousands. Con¬ 
sequently there was a smaller popu¬ 
lation of deer than there would have 
been had man let the puma alone. 
It is easy to see that what may be a 
one-sided harmful relation between 
individuals may be a tolerable or 
even beneficial relation between pop¬ 
ulations. Let us also not forget that 
it is in large measure the popula¬ 
tions that are the units of evolution¬ 
ary change, as has been emphasized 
by Sewall Wright. 

A predator may be better off if it 
has a diversity of food sources, and 
this may also be better for the prey 
species. If efficiency of predation 
results in specialization on a single 
food species, the predator is in a 
somewhat precarious position as far 
as survival is concerned. Thus we 
find the whole ecological community 
tends to move toward balanced in¬ 
terrelations, the parts (or species) 
guided in large measure by the sys¬ 
tem as a whole. The whole commu¬ 
nity tends to attain a relative equili¬ 
brium sufficient to carry the quanti¬ 
tative pattern through long periods 
of time. Competition is maintained 
at the optimum, and either too much 
or too little may be deleterious. Op¬ 
timal competition is the counter¬ 
point in the harmony of nature. 

When man upsets the balance of 
nature, it is often necessary for him 
to reestablish the balance. About 
1900, the sugar-cane leaf hopper was 
introduced into the Hawaiian Is¬ 
lands and soon afterwards came 
close to wiping out the sugar indus¬ 
try. The leaf hopper was later 

found to be native to Australia 
where the species was neither com¬ 
mon nor considered a pest. Para¬ 
sites and predators were introduced 
into Hawaii and were so effective in 
controlling the leaf hopper that it 
is no longer a serious pest in the 
islands. 

Through the analysis of the rela¬ 
tive pathogenicity of ancient para¬ 
sites in comparison to more recent 
infections, Clay Huff has recently 
illustrated the tendency of organ¬ 
isms to evolve from unilateral harm 
toward mutual toleration. Parasites 
such as rickettsias, spirochaetes, 
haemoflagellates and malarial pro¬ 
tozoa show much greater pathogeni¬ 
city in the more recently acquired 
host and less in the more ancient 
host. There would seem to be a 
marked tendency for the hosts to 
evolve physiological toleration of the 
parasites and the parasites to evolve 
away from dramatic elimination of 
the hosts. 

Balance may be the result of op 
posing competitive pressures with¬ 
out reciprocal adaptation. How¬ 
ever, the evidence points to an evo¬ 
lutionary development of balance 
between populations of different 
species in some cases at least, to some 
degree similar to the phylogenetic 
development of balance in the evolu¬ 
tion of organisms and populations 
of a single species. 

With the pronounced tendency 
of organisms to evolve toward 
balanced equilibrium and tolera¬ 
tion within the ecological commu¬ 
nity, one would suppose that 
cooperation between species would 
be the final chapter in community 
evolution. Among the generally cited 
cases of mutual benefit between spe¬ 
cies may be mentioned the nitrogen- 
fixing bacteria and their legume 
hosts, the relation of fungus and 
alga in the lichen, bacterial intracel¬ 
lular symbiotes, cellulose-digesting 
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flagellates in the intestines of wood¬ 
eating roaches and termites, mycor- 
rhizal association of plant roots and 
fungus mycelia, algae in the tissues 
of multicellular animals, seed disper¬ 
sal through fruits attractive to birds 
and mammals, flower pollination by 
insects, the cultivation of fungi by 
certain ants and termites, and the 
so-called guests of social insects. 
Added to these are the more recent 
evolution of plants and animals un¬ 
der domestication by man. 

Without going into the details of 
these mutualistic relations, it is pos¬ 
sible to show that a reciprocal adap¬ 
tation has occurred in many cases 
leading to interdependence. In a 
number of instances the symbiote is 
of as much importance to the host as 
one of its own tissues or organs, thus 
establishing an interspecies system 
strikingly like that of an organism. 

Although cooperation does occur 
in the community, it is noteworthy 
that it is not nearly as common as 
one might postulate on theoretical 
grounds. Many of the cases of mu¬ 
tualism are not strong cases. For 
example, I know of no evidence to 
prove that the alga in the lichen as¬ 
sociation has undergone any evolu¬ 
tionary adaptation to the fungus. 
Also there is no well-established evi¬ 
dence that the legume has evolved 
adaptations for harboring nitrogen¬ 
fixing bacteria. Mutual adaptation 
occurs between the termites and their 
intestinal cellulose-digesting flagel¬ 
lates, but only the primitive termites 
harbor the protozoa while the deriv¬ 
ed termites constituting three- 
fourths of the known species have 
lost the protozoa and digest their 
cellulose without symbiotes. One 
might ask why, if mutualism were 
the end of evolution, did the termites 
become so successful after they lost 
their symbiotic protozoa. 

If one examines any one of the 
large complex ecological communi¬ 

ties, one has to hunt for cases of mu¬ 
tualism whereas competition is ob¬ 
vious everywhere one turns. With 
the exception of flower-pollinating 
insects, one may even have to travel 
to remote portions of the world to 
find certain especially good exam¬ 
ples of mutualistic adaptation. Even 
in the case of insect flower-pollina¬ 
tion, found in all terrestrial commu¬ 
nities, an analysis of the food habits 
of over 15,000 species of insects in 
New York State showed that 75% 
were predominantly competitive, 
23% were predominantly tolerative, 
and only 2% were mutualistic. 

Turning now to the relations with¬ 
in the organism and within species 
populations, there would seem to be 
little doubt that cooperation is the 
successful and dominant adjust¬ 
ment. Cooperation is characteristic 
between protoplasms in the cell, be¬ 
tween cells in the multicellular or¬ 
ganism, and between individuals in 
the majority of aggregations and co¬ 
ordinated animal societies. 

No one seems to seriously question 
the reality of the individual as a bio¬ 
logical entity nor to question the 
fact that the individual is a natural¬ 
ly selected unit. Much controversy, 
however, still rages over the unity 
of the intraspecies population. The 
evolution of the sterile castes in the 
social insects was explained by Dar¬ 
win through the selection of the 
“family” as a whole. Weismann 
used similar data to show the selec¬ 
tion of the “state” as a unit. The 
social insects are by no means the 
only coordinated populations. Vari¬ 
ous gradations of integration occur 
in aggregated populations from pro¬ 
tozoa to man (Allee). The species it¬ 
self is a population unit basically in¬ 
tegrated through hereditary transmis¬ 
sion. If selection were acting alone to 
preserve the fit individual, how would 
the elaborate adaptations for repro¬ 
duction have come into existence? 
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How would sexual adaptation have 
arisen ? By what means would mam¬ 
mals have evolved mammary glands 
for the nourishment of their pro¬ 
geny? How would a sterile worker 
ant have evolved? Patently the spe¬ 
cies is a population unit selected as 
a whole. Because of the survival or 
elimination of whole population sys¬ 
tems, cooperation between the in¬ 
dividuals has evolved. Thus the sac¬ 
rifice of the individual for the bene¬ 
fit of the whole species may occur 
and may be understood in both 
human society and in groups of 
lower organisms. Just as the cell in 
the body functions for the benefit of 
the whole organism, so does the in¬ 
dividual organism become subordi¬ 
nate to the population. It is in har¬ 
mony with natural law to have an 
individual function for the benefit of 
other contemporary individuals and 
also for future generations. This 
principle gives us a scientific basis 
for ethics. 

Cooperation is probably not an 
end in itself, but is rather a means 
to an end. The all-over directional 
trend in organic evolution seems to 
have been toward optimum condi¬ 
tions for existence. What was the 
uncontrolled external environment 
of the cell became the balanced in¬ 
ternal environment of the multicel¬ 
lular organism. Selection of varia¬ 
tions lead toward more efficient divi¬ 
sion of labor and more integration 
and cooperation between the parts. 
Differentiation would be useless 
without integration, and integration 
would be useless without differentia¬ 
tion. Natural selection has constant¬ 
ly guided organic evolution in the 
direction of increasing complexity 
and increasing cooperation. This 
trend is easily seen in the study of 
the evolution of intraspecies popula¬ 
tions and reaches its culmination in 
the social insects and in man. 

What biological principles emerge 
from these considerations? A few 
may be listed. 

1. The intraspecies population 
and the interspecies community ex¬ 
hibit integration in space, develop¬ 
ment in time, and evolution in time. 

2. Development as well as evolu¬ 
tion is in the direction of less ex¬ 
treme environmental fluctuations, 
more optimal conditions, and a more 
complex relationship between larger 
numbers of parts. 

3. A long-term relative dynamic 
equilibrium is established in both 
the population and the community 
paralleling that in the individual or¬ 
ganism (homeostasis). 

4. Evolutionary mechanisms tend 
to guide the evolving system away 
from harmful relations toward toler¬ 
ation and cooperation. 

5. Each individual is a part of a 
more comprehensive population 

unit. 
6. Each species is a part of an in¬ 

terdependent community with or- 
ganismic characteristics. 

7. The interspecies system is less 
definite and more loosely knit than 
the intraspecies system with its ger¬ 
minal continuity. 

8. Cooperation is more character¬ 
istic and has been carried to a fur¬ 
ther degree in the organism and in 
the intraspecies population than in 
the interspecies community, but it 
has evolved in all systems. 

Do any of these principles have 
validity in building a social philoso¬ 

phy? 
Man, including all races, is one 

species. At one time isolation pro¬ 
duced divergence that if continued 
would probably have led to a num¬ 
ber of distinct species. However, 
with the increasing development of 
transportation and communication, 
the trend is now toward fusion, co¬ 
hesion, and species consciousness. 
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What lias recently happened to the 
people of Manchuria, Abyssinia or 
Poland has greatly influenced the 
the lives of us all, a fact that dra¬ 
matically illustrates the interde¬ 
pendence and integration of all man¬ 
kind. In spite of much destructive 
conflict, the human species is already 
integrated through migration, com¬ 
munication, transportation, econom¬ 
ics, politics, religion, culture, health, 
and science. Conflict may be subli¬ 
mated and controlled in the interests 
of peace, well-being, and progress. 
It seems safe to predict that the im¬ 
mediate future will witness much 
greater coordination. 

Diversity of culture is not incom¬ 
patible with world integration. Cells 
became more diverse in function as 
they evolved in a multicellular or¬ 
ganism. Species became more num¬ 
erous as the complex ecological com¬ 
munity evolved. Human individuals 
and cultural groups may be expected 
to exhibit greater functional varia¬ 
tion as they become incorporated in¬ 
to a world society. Selection acts 
both upon the parts separately as 
well as upon the whole unit. A cer¬ 
tain degree of healthy competition 
between nations, races, denomina¬ 
tions, classes, and institutions may 
speed progressive social evolution, 
but present destructive conflict is 
often deleterious to the world society 
and to the conflicting organizations. 

While recognizing biological par¬ 
allels, we must also give due weight 
to the differences between human 
society and biological systems. Both 
are doubtless evolving and both are 
being guided in this evolution along 
certain perceivable directions, but 
the evolutionary mechanisms are 
markedly different as well as mark¬ 
edly similar in the two systems. 
Human social evolution, through the 
development of transmissable sym¬ 
bols, has been able to move rapidly 
from the primitive social systems to 

high culture and civilization without 
waiting for the natural selection of I 
mutant genes in the chromosomes, j 
However, there is a social non-ger- 
minal heredity that may be compared i 
to biological heredity, and a selection I 
of social variables sorts out the more 
fit cultural relations for social sur¬ 
vival. Also, an intelligent analysis 
of the factors and synthesis of the 
principles enables man to control 
his own rapid evolution and that of 
his cultivated plants and animals far 
more efficiently than was possible in j 
the pre-human world. Organic evo- 1 
lution and much social evolution 1 
have been largely unconscious, but I 
man’s superior intellect enables him 
to consciously direct his societal evo¬ 
lution. To the survival values of the 
biological world, man adds the ap¬ 
preciative values that integrate his 
culture. 

Let us frankly recognize and eval¬ 
uate the differences between the bio¬ 
logical and human systems, but let 
us also not be blind to the similari¬ 
ties. In both, long-term efficiencies 
may gain ascendency over short¬ 
term efficiencies because it is the 
temporal population that is the 
unit of selection. 

Survival, especially in human 
social evolution, does not necessarily 
involve the death of the eliminated. 
Through the evolution of the capa¬ 
city to learn from experience, harm¬ 
ful behavior patterns may be sup¬ 
pressed and beneficial patterns de¬ 
veloped in the same individual or in 
the same group. Depending upon 
long-term benefits to the species as a 
whole, communism might win or lose 
in its competition with capitalism 
without bloodshed. Possibly the 
better aspects of both social systems 
may be incorporated harmoniously 
in a future society through the 
operation of social selection akin to j 
natural selection. 
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We cannot settle social problems 
wholly by recourse to biology. Bi¬ 
ologists as such have little detailed 
advice to offer in building political 
and social organizations. However, 
biology may clarify certain funda¬ 
mental principles that underlie our 
social behavior and may assist in 
giving a foundation for a general 
understanding of the social super¬ 

structure. 
The formulation of principles has 

great value, but each principle must 
be incorporated into our social phil¬ 
osophy in its adjusted niche. “I 
have often thought,” wrote Liebig 
to his friend Duclaux, “in my long 
and practical career and at my age 
(69 years) how much pains and how 
many researches are necessary to 
probe to the depths a rather compli¬ 
cated phenomenon. The greatest 
difficulty comes from the fact that 
we are too much accustomed to at¬ 
tribute to a single cause that which 
is the product of several, and the 
majority of our controversies come 
from that.” 

Oversimplification is an error of¬ 
ten committed by scientists in their 
drive to discover basic principles that 
relate diverse facts. If the terms 
are general enough to incorporate 
complex phenomena, they are likely 
to be ambiguous. Nevertheless on 
occasion fundamental principles 
may be stated in language that has 
meaning to most listeners and in a 
manner that brings orderability to 
vast accumulations of knowledge. 
We may thus be emboldened to sum¬ 
marize our main conclusions con¬ 
cerning biological and human rela¬ 
tions. (1) Optimal competitive rela¬ 
tions survive and too little or too 
much competition is eliminated 
through selection. (2)The proba¬ 
bility of survival of individual, or 
groups of, living things increases 
with the degree with which they 
harmoniously adjust themselves to 

each other and to their environment 
(Leake). (3) A directional trend 
in evolution is toward a controlled 
balance of the important factors 
within the system. Human society 
cooperatively brings the social en¬ 
vironment under control for the bet¬ 
ter survival of the species. 

If these conclusions are based up¬ 
on sound evidence and are scientifi¬ 
cally valid, we may expect that de¬ 
structive class, racial, and national 
war will be largely eliminated. Bi¬ 
ology indicates that exploitation of 
individuals or groups within a popu¬ 
lation will be superceded by tolera¬ 
tion and cooperation. Forces are ap¬ 
parent that are guiding us toward 
an interdependent world unity. This 
is not a philosophy of perfectionism. 
Perfection is probably only in the 
minds of philosophers. Biology gives 
us no example of perfection—only 
an evolution toward a better rela¬ 
tionship between parts of a larger 

whole. 
With the advent of the atomic 

bomb, will the human species become 
cooperative under some sort of a 
world government soon enough ? 
This is a question that must be de¬ 
ferred to the social scientists and 
politicians who must carry the bur¬ 
den of discovering adequate social 
means for eliminating war. It is 
now apparent to many that treaties 
between sovereign nations with exag¬ 
gerated nationalistic ideologies are 
insufficient to prevent catastrophe 
in our own lifetime. The dramatic 
and terrible potentialities of our 
present military weapons are in the 
process of revolutionizing our inter¬ 
national thinking. Will such think¬ 
ing based upon realistic fear of so¬ 
cial suicide spur us into effective 
political and diplomatic action? Can 
an aroused public force our political 
leaders to solve this problem and 
solve it quickly ? The issue is clear 
—it is cooperation or vaporization. 
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It is a struggle for existence by 

means of the cooperation of all man¬ 

kind, or extinction through unnatur¬ 

al destructive competition between 

individuals, classes, races, and na¬ 

tions already incorporated into a 

larger interdependent whole. Fol¬ 

lowing the seemingly impossible ac¬ 

complishments of the natural scien¬ 
tists, can the politicians also accom¬ 
plish the seemingly impossible? Can 
the inspiring advancement of natur¬ 
al and social science be directed to 
the welfare of all mankind? With 
the development of an energetic pub¬ 
lic pressure, there is a basis for 
optimism. 
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AGRICULTURE 

EFFECT OF SOIL TREATMENT ON FORAGE YIELDS 
AND VEGETATIONAL GROUND COYER 

R. F. FUELLEMAN and C. J. BADGER 

University of Illinois, Urbana 

Vegetational response to soil treat¬ 
ments can be measured by a number 
of different methods. Yield of dry 
matter is a conventional method usu¬ 
ally employed; however, the yield 
from a given area does not provide a 
measure of the contribution of indi¬ 
vidual species to the total, nor does 
it indicate the percentages of weeds 
and other undesirable species pres¬ 
ent. Separation of species by man¬ 
ual methods is tedious and expen¬ 
sive. Because of this, much valuable 
data is lost, particularly as it relates 
to the effect of fertilizer materials 
on the occurrence of species in a 
turf. 

Some two decades ago the point 
quadrat method was (1) introduced 
as a machine for measuring ground 
cover. Although it is not suited for 
use with tall vegetation, it does have 
a distinct place in making measure¬ 
ments on pastures and other types of 
turf. The point quadrat (Fig. 1) 
provides a rapid method of measur¬ 
ing the botanical composition of veg¬ 
etation. It does not measure yields 
in terms of grams or pounds, al¬ 
though some recent work by Arny 
et al (2) using a series of factors did 
indicate that the point quadrat 
could be used to give both a measure 
of yield and botanical composition. 

The data presented in this paper 
were obtained in 1940 and 1941 from 
a series of plots at the University of 
Illinois Soil Experiment Field lo¬ 
cated at Elizabethtown, Illinois, in 
Hardin County. 

MATERIALS AND METHODS 

Five plots approximately 1x9 
rods in area were seeded on Sep¬ 
tember 18, 1935. Fertilizer mate¬ 
rials and limestone were applied, 
crossing the seeding mixture plots. 
Each seeding-mixture-soil-treatment 
plot was one rod square. 

The fertilizer materials and lime¬ 
stone and the annual application per 
acre, excepting limestone which was 
applied in sufficient quantity to cor¬ 
rect acidity, were as follows: 

Plot 1= 250 pounds of rock 
phosphate 
150 pounds of sodium 
nitrate 

Plot 2= 200 pounds of super¬ 
phosphate—20 percent 
150 pounds of sodium 
nitrate 

Plot 3= 250 pounds of rock phos¬ 
phate 

Plot 4= 200 pounds of super¬ 
phosphate—20 percent 

Plot 5= 75 pounds of 9-27-9 
fertilizer 

Plot 6= No treatment 
Plot 7=4000 pounds of limestone 
Plot 8= 250 pounds of 0-24-12 

fertilizer 
Plot 9=4000 pounds of manure 

The seeding mixtures and the acre 
rates of application were : 

Mixture No.l= 
Kentucky bluegrass 8 pounds 
Redtop 5 pounds 
White clover 3 pounds 
Alsike clover 3 pcunds 

Mixture No. 2= 
Kentucky bluegrass 8 pounds 
White clover 3 pounds 
Bermuda grass 6 pounds 
Korean lespedeza 5 pounds 
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Fig. 1.—The point quadrat. 

Mixture No. 3= 
Timothy 
Redtop 
Red clover 
Korean lespedeza 

Mixture No. 
Orchard grass 
Kentucky bluegrass 
Redtop 
White clover 
Korean lespedeza 

Mixture No. 5= 
Kentucky bluegrass 
White clover 
Timothy 
White sweet clover 

(Melilotus alba) 

8 pounds 
4 pounds 
4 pounds 
4 pounds 

6 pounds 
3 pounds 
3 pounds 
4 pounds 
4 pounds 

8 pounds 
3 pounds 
5 pounds 

4 pounds 

All fertilizers were applied begin¬ 
ning in 1931. The first seedings 
were made in 1931 and 1932. As in¬ 
dicated previously, new seedings 
were made in 1935. The data re¬ 
ported in this paper are for the 
years 1940 and 1941. 

Hay yields were obtained by sam¬ 
pling each soil-treatment plot (with 
a small quadrat) twice during each 

season, usually early in June and 
again in August. Point quadrat 
readings were made before either the 
first cutting or followed the second 
cutting of hay or both. 

RESULTS-YIELD DATA 

Yields of air-dry hay for the sea¬ 
sons of 1940 and 1941 are given in 
Table 1. The relationship between 
seed mixtures and soil treatment is 
marked excepting seed mixture No. 
1 which contained no lespedeza, tim¬ 
othy, or sweet clover. In 1940, a good 
season for tall growing grass species, 
large yields were obtained with few 
exceptions. In 1941, the yields were 
greatty reduced. This reduction was 
presumably caused by lack of mois¬ 
ture. When moisture is deficient, 
plants are unable to utilize fertilizer 
materials applied to the soil. In¬ 
stead of stimulating growth these 
materials apparent^ have a depres¬ 
sing effect. Where no soil treatment 
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Table 1 —Hay Yields from Soil-Treatment—Seed Mixture Plots For Years of 
1940-1941 

(Totals for Two Years) 

Plot 
Mixture 

No. 1 
lbs./A 

Mixture 
No. 2 
lbs./A 

Mixture 
No. 3 
lbs./A 

Mixture 
No. 4 
lbs./A 

Mixture 
No. 5 
lbs./A 

1 . 1940—1200 4684 7069 6961 6746 
1941—1008 974 1133 600 773 

2208 5658 8202 

1 
C

O
 

Is 7519 

2 . 1940—1400 2726 6422 937 7186 

1941—1008 974 1133 1200 1030 

2408 3700 7555 2137 8216 

3 . 1940—1754 703 636 1190 7560 

1941— 336 650 1416 600 773 

2090 1353 2052 1790 8333 

4 . 1940—1741 904 2752 1361 7274 

1941— 672 650 850 600 1030 

2413 1554 3602 1961 8304 

5 . 1940—2222 1194 2377 2740 4768 

1941— 336 650 1133 600 1803 

2558 1844 3510 3340 6571 

6 . 1940—1182 268 408 302 1624 

1941— 672 650 1133 1200 1288 

1854 918 1541 1502 2912 

7 . 1940—1195 326 1840 6665 2754 

1941— 672 650 1416 2100 1288 

1867 976 3256 8765 4042 

8 . . 1940—1285 3344 4786 3638 5892 

1941—1008 974 1416 1200 2061 

2293 4318 6202 4838 7953 

9 . 1940—1416 504 3742 3052 2318 

1941— 672 1299 1416 1800 2318 

2088 1803 5158 4852 4636 

has been applied (Plot 6) the yield 
depressions did not take place. 

POINT QUADRAT DETERMINATIONS 

Although a number of point quad¬ 
rat determinations were made, only 
two sets of data are included. These 

data are indicative of the vegeta- 

tional cover. Tables 2 and 3 give 

quadrat data obtained in November 

1940 and August 1941. One hundred 

point readings were made on each 

plot on each date. 
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Native grasses consisted of Pas- 
palum, Panicum, and Dig it aria sp. 
Some An dr o p o g o n virginicus 
(broomsedge) occurred on the lime 
and no treatment plots. Dominant 
weed species were Plantago lanceo- 
lata, Bum ex acetosella, Diodia teres, 
Taraxacum officinale, and Bursa 
pastoris. 

DISCUSSION OF RESULTS 

Some changes in vegetational 
cover occurred during the two sea¬ 
sons, apparently a result of moisture 
differences. In general, a rather 
close relationship existed between 
the total contribution by species to 
percentage of ground cover in the 
two seasons (1940 and 1941). If the 
single species, Kentucky bluegrass 
(Poa pratensis) is taken as an ex¬ 
ample it will be noted that relative 
percentages showed an increase in 
1941 over 1940, excepting with seed 
mixtures No. 2. The principal dif¬ 
ferences were in the percentages of 
space having no vegetation. 

Another interesting difference oc¬ 
curred between the total percentages 
(all soil treatments) of ground cover 
contributions by the native grass spe¬ 
cies during the two seasons. Some 
people have expressed the opinion 
that the use of fertilizers is effective 
in eliminating native species through 
stimulating competition by seeded 
grasses. Although the differences 
are not large (with one exception), 
soil treatment apparently is not a 
large factor in its effect on the pres¬ 
ence or absence of native species. 

Kentucky bluegrass seed makes up 
part of seed mixtures 1, 2, 4 and 5: 
however, it appears in most of the 
soil-treatment — seed-mixture plots, 
including plots of mixture No. 3 
where no bluegrass was seeded. The 
lowest percentages of bluegrass are 
found on the series of plots which 
did not receive fertilizer. No blue¬ 
grass was found on the untreated 

plot of mixture No. 3 in 1941. Where 
phosphorus w7as part of the fertilizer 
application treatment, Kentucky 
bluegrass provided the larger part of 
the ground cover. 

Orchard grass (Dactylis glome- 
rat a) occurred in appreciable per¬ 
centages where seeded. Some small 
percentages occurred on a few plots 
of seed mixture series No. 5. It was 
assumed that some seed was carried 
in from mixture No. 4 by wind. 

Timothy (Phleum pratense) was 
seeded in mixtures No. 3 and No. 5. 
Only small percentages are found in 
seed mixture series No. 3 plots, with 
a trace in one plot of seed mixture 
series No. 2. After some six or seven 
years, competition and mowing 
seems to have limited timothy to a 
few surviving plants. 

Redtop (Agrostis alba) was seed¬ 
ed in seed mixture series Nos. 1, 3 
and 4. After a few years, redtop can¬ 
not compete successfully with Ken¬ 
tucky bluegrass, particularly where 
soil treatments favor the former. On 
seed mixture series No. 3 plots, 
where bluegrass was not a part of 
the original seeding, redtop is well 
established. 

A number of other interesting re¬ 
lationships are apparent in Tables 
1 and 2. From a practical point of 
view, and over a period of years, it 
would seem to be more economical to 
omit alsike clover (Trifolium hybrid- 
um), white clover (Trifolium re¬ 
pens), redtop and timothy and cer¬ 
tain seeds from mixtures containing 
bluegrass because they do not seem 
to constitute a large part of the ulti¬ 
mate turf. However, these species 
fill a very definite place in seeding 
mixtures. Redtop, timothy, and 
orchard grass act as nurse crops for 
the more slowly germinating Ken¬ 
tucky bluegrass and as “filler” 
grasses until such a time as the more 
aggressive Kentucky bluegrass be¬ 
gins to spread. 
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Table 2.—Ground Cover Percentages Obtained on November 18-19, 1940 

Treatment plots 

1 2 3 4 5 6 7 8 9 

NaNOa NaNOr? 
rP sP rP sP 9-27-9 None L 0-24-12 M 

Seed mixture No. 1—consisting of Kentucky bluegrass, redtop, white clover and 
alsike clover 

Ky. bluegrass. 
Redtop 

80 49 49 
8 

55 
6 

48 
2 

36 
3 

39 
10 

54 
3 

52 
5 

OrpViQrrl OT9 ss 1 

Na ti vp era sses 4 8 3 2 
plnvPT1 1 

Alsike 1 

Lespedeza 2 3 4 11 5 1 

Weeds. 2 3 1 4 5 3 1 i' 

No vegetation. 11 28 29 23 31 29 34 20 24 

Dead vegetation.... 7 20 12 10 7 8 6 18 18 

Seed mixture No. 2- -Kentucky bluegrass, Bermuda grass, white clover, Korean 
lespedeza 

Ky. bluegrass. 
T imothv 

93 83 81 71 63 35 68 
2 

63 62 

Native grasses 2 2 6 1 1 2 

Lespedeza 2 2 10 2 2 5 

Weeds 1 2 2 6 1 10 5 

No vegetation. 1 3 7 15 20 36 18 13 22 

Dead vegetation.... 5 12 6 12 13 7 8 11 4 

Seed mixture No. 3—Timothy, redtop, red clover, Korean lespedeza 

Ky bluegrass 5 16 7 12 30 29 8 

Redtop. 23 43 34 27 19 25 37 10 28 

Timothy. 
Orpbarrl orac!<5 

1 
7 

1 3 6 5 
1 

10 9 

V/lCllClLU. gi ClOO. 

Native grasses 2 6 6 2 2 

Lespedeza.. . 6 7 4 12 9 2 7 

White clover 1 1 

Weeds. 19 9 3 1 2 5 8 6 

No vegetation. 27 25 15 21 29 41 32 27 33 

Dead vegetation.... 18 15 29 24 11 9 10 12 6 

Seed mixture No. 4—Kentucky bluegrass, redtop, orchard grass, lespedeza, white 
clover 

Kv. bluegrass. 
Redtop. 
Orchard grass. 
Native grass. 

23 
1 

45 

32 
3 

32 

42 
8 

13 

31 
6 

19 

28 
4 

21 

1 
11 
14 

8 
24 

28 
9 

22 

4 
7 

11 
1 

Lespedeza 3 18 23 9 
Weeds 5 6 2 1 13 
No vegetation. 18 29 29 35 34 31 40 33 47 
Dead vegetation.... 8 4 8 6 12 19 2 7 8 
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Table 2—Concluded 

Treatment plots 

Species 1 2 3 4 5 6 7 8 9 
NaNOs NaNOs 

rP sP rP sP 9-27-9 None L 0-24-12 M 

Seed mixture No. 5—Kentucky bluegrass, timothy, sweet clover and white clover 

Ky. bluegrass. 
Redtop. 

37 48 55 51 55 30 43 
2 
4 

52 48 
11 

7 Orchard grass. 
Native grasses. 

10 14 4 
2 2 2 

4 
6 
2 

8 

Lespedeza. 9 
1 
6 

29 
6 

Sweet clover. 2 
3 

27 
2 

Weeds. 
No vegetation. 
Dead vegetation.... 

20 
23 
10 

6 
21 
11 

12 
14 
13 

4 
31 
12 

3 
25 
15 

16 
26 
16 

29 
11 

Table 3.—Ground Cover Percentages on August 14, 1941 

Treatment plots 

Species 1 2 3 4 5 6 7 8 9 
NaNOs NaNOs 

rP sP rP sP 9-27-9 None L 0-24-12 M 

Seed Mixture No. 1 

Ky. bluegrass. 74 65 45 38 43 31 51 57 55 
Redtop. 5 2 4 4 4 2 
Native grasses. 6 4 6 28 20 6 4 
Lespedeza. 13 14 6 13 
Weeds. 3 2 8 5 1 6 4 
No vegetation. 13 18 23 27 29 19 21 22 28 
Dead vegetation.... 10 15 13 12 6 3 5 7 

Seed Mixture No. 2 

Ky. bluegrass. 56 57 48 53 54 37 46 48 49 
Native grasses. 1 3 1 3 2 4 1 
Lespedeza. ' '4‘ 1 7 7 1 
Weeds. 5 5 1 1 4 10 
No vegetation. 28 26 35 30 29 42 30 20 32' 
Dead vegetation.... 10 12 13 13 14 7 15 17 18 
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Table 3—Concluded 

Treatment plots 

1 2 3 4 5 6 7 8 9 

NaNOs NaNOs 
0-24-12 M rP sP rP sP 9-27-9 None L 

Seed Mixture No. 3 

XTtt KIiipotq qq 29 40 9 32 2 14 44 5 
i\y • ui i aoo. 
Redtop . 15 17 40 27 15 39 55 11 29 

Timothy. 8 12 9 5 1 5 3 4 ’ r Native grasses 1 9 4 1 2 
' 4 56 19 2 8 

Weeds 16 6 2 1 4 7 17 

No vegetation. 28 24 29 21 15 21 24 25 35 

Dead vegetation.... 4 7 6 9 1 8 1 7 5 

Seed Mixture No. 4 

Kv bluegrass. 23 32 30 21 27 1 5 27 10 

Redtop . 1 2 5 4 2 5 1 

Orchard grass. 30 28 24 21 18 11 i9- 26 10 

0TRSSPS 3 1 2 2 
24* 

T jPSDpHpZR 8 7 60 53’ 3 

Wf ond0 3 5 1 3 4 4 3 10 
VV cullo. 

No vegetation. 36 26 33 28 23 16 15 25 40 

Dead vegetation.... 8 8 10 11 11 4 5 12 5 

Seed Mixture No. 5 

Ky bluegrass. 65 52 60 65 62 22 29 56 49 
3 1 2 2 

nPi TY1 4 "XT 1 1 

liT’onQrn oTQQQ 3 16 1 9 3 3 2 
WIbllclIU. doo. 

Native grasses. 5 6 4 33 25 1 4 
2 12 2 

Weeds . 6 11 3 3 5 6 4 
29 

3 
31 

No vegetation. 22 13 23 20 18 22 22 

Dead vegetation.... 4 7 8 6 11 3 3 8 7 

The value of soil treatments can 
be assessed by comparing vegetation- 
al percentage totals and yields for 
the two seasons. These comparisons 
are shown in Tables 1 and 4. 

No correlation between yields and 
percentages of ground cover is ap¬ 
parent. The relatively low yields of 
forage obtained from the “no treat¬ 
ment” plots trend toward correla¬ 
tion with the ground cover percent¬ 

ages as shown in Table 2. The high 
forage yields obtained from the ni¬ 
trate-rock phosphate treatment are 
not reflected in the ground cover 
percentages. Weed species and or¬ 
chard grass contributed materially 
to the forage yields on treatment 
plots 1, 5, 7, 8, and 9 of seed mixture 
No. 4. 

Total yields of forage from all 
mixtures with the same treatment 
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Table 4.—Vegetational Cover Percentages as Affected by Soil Treatments 

Treatment plots 

Nov. 1940 1 2 3 4 5 6 7 8 9 
NaN03 NaN03 

rP sP rP sP 9-27-9 None L 0-24-12 M 

Seed Mixture 

No. 1. 82 51 59 67 62 63 60 62 58 
No. 2. 94 83 85 73 66 57 74 76 74 
No. 3. 55 60 56 55 60 50 58 61 62 
No. 4. 74 67 63 59 54 50 58 60 45 
No. 5. 67 68 73 57 60 58 65 60 71 

Totals. 372 329 336 311 302 278 315 319 310 

A verage. 74.4 64.8 67.2 62.2 60.4 55.6 63.0 63.8 62.0 

August 1941 

No. 1. 77 67 64 61 65 m x76 73 65 
No. 2. 62 62 52 57 57 51 55 63 60 
No. 3. 368 69 65 70 84 271 275 68 360 
No. 4. 56 66 57 61 66 280 280 63 55 
No. 5. 74 380 69 74 71 x75 J75 63 62 

Totals. 337 344 307 323 343 358 361 

o
 

C
O

 
C

O
 302 

Average. 67.4 68.8 61.4 64.6 68.6 71.6 72.2 66.0 60.4 

(1) Includes large percentage of native grasses. (2) Includes large percentages of annual Korean 
lespedeza. (3) More than 10 per cent weed species. 

are shown in Table 5. These data 
give conclusive evidence of the ef¬ 
fect of these treatments on yields. 

SUMMARY AND CONCLUSIONS 

The effect of soil treatment on 
yields of air-dry hay indicate that 
nitrogen, phosphorus, potash and 
lime give large increases. Percent¬ 
ages of ground cover contributed by 
the various species are not related 
directly to yields when the point 
quadrat method is used. Some trends 
can be noted, but they are not con¬ 
sistent from year to year. Prevail¬ 
ing moisture conditions in a given 
season and the distribution of that 
moisture affect the percentage com¬ 

position of the ground cover as well 
as the yields. Kentucky bluegrass 
(Poa pratensis) and orchard grass 
(Dactylis glomerata) and redtop 
(Agrostis alba) were most consistent 
in contributions to the percentage 
ground cover. The former species 
is aggressive and persistent on treat¬ 
ed soils. 

Some species, after a period of 
years, have been almost completely 
eliminated from the plots. Legumes, 
excepting Korean lespedeza (Lespe¬ 
deza stipulacea) made up a very 
small part of the vegetation. 

Botanical analyses using the point 
quadrat are valuable in measuring \ 
ground cover, but should not be re- 
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Table 5.—Total Yields of Forage From Soil Treatment Series for 1940 and 1941 

Soil Treatments 

Mixture 1 2 3 4 5 6 7 8 9 

NaN03 NaNOs 
rP sP rP sP 9-27-9 None L 0-24-12 M 

Yie Ids in P ounds Per Acre 

No. 1. 2208 2408 2090 2413 2558 1854 1867 2293 2088 

No. 2. 5658 3700 1353 1554 1844 918 976 4318 1803 

No. 3. 8202 7555 2052 3502 3510 1541 3258 6202 5158 

No. 4. 7561 2137 1790 1961 3340 1502 8765 4838 4852 

No. 5. 7519 8216 8333 8254 6571 2912 4042 7953 4636 

Total yields.. 31148 24016 15618 17684 17823 8727 18906 25604 18537 

All mixtures with 
same treatment 

lied on as a measure of component 
weight contributions of the different 
species. Where a single specie is 
dominant or makes up a large per¬ 
centage of the vegetation on a given 
plot the forage yield and point 
quadrat percentages are usually di¬ 
rectly related. The inclusion of a 
single clump of vegetation such as 
orchard grass in a small yield sample 
can seriously disrupt this relation¬ 

ship, when the yield is calculated on 
an acre basis. 

1. Levy, B. E. and Madden, E. A. The 
Point Quadrat Method of Pasture 
Analysis: New Zealand Jour. Agr., 
46: 1933. 

2. Arny, A. C. and Schmid, A. R. A 
Study of the Inclined Point Quadrat 
Method of Botanical Analysis of 
Pasture Mixtures: Jour. Am. Soc. 
Agronomy, 34: 1942. 
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POPULATION CHANGES IN RURAL LIFE 

DAVID E. LINDSTROM1 

University of Illinois, Urbana 

The farm areas in the United 
States lost 16.8 percent of their 
population from 1940 to 1945. The 
major movement was due to wartime 
expansion in non-agricultural em¬ 
ployment. This drain of population 
from rural areas reduced the num¬ 
ber of people living* on farms to 
slightly over 25 million, the smallest 
number of farm residents in the last 
85 years, the period for which farm 
population estimates are available.2 

All counties in Illinois, except ten 
which were located in or near war 
industries or military camps, lost in 
population from 1940 to 1943. More 
than a fourth of the counties, on the 
other hand, lost 15 percent or more 
of their population in this period; 
most of these were rural counties in 
poor-land areas not containing any 
form of wartime industry. The high¬ 
est decreases were for Pope, John¬ 
son, Pulaski, Alexander, Gallatin, 
Fayette, Scott, and Brown Counties, 
each of which lost 20 percent or more 
in population from 1940 to 1943.3 

The number of farms decreased, 
moreover, in three-fourths of the 
counties from 1940 to 1945. Five of 
the six counties having had an in¬ 
crease of 100 or more farms in this 
period also had increases in popula¬ 
tion ;4 four counties, on the other 
hand, in which there was a decrease 
of 15 percent or more in the popula¬ 
tion had decreases of from 10 to 87 
farms per county from 1940 to 
1945.5 Perry County with a decrease 
in population had a decrease of 308 
in number of farms in these war 
years. The general trend over the 

state, therefore, was toward decrease 
in numbers and increase in size of 
farms. This trend may be expected 
to continue unless employment sluffs 
off in the urban areas and people 
begin to return to the farms again as 
they did in the last depression 
period. 

Current reports made during the 
last four months of 1945 on a nation¬ 
al sample of 71 counties indicated 
that a substantial return of migra¬ 
tion to farms started in many parts 
of the country after Japan was de¬ 
feated. “The most important and 
most widespread change in farm 
population which took place after 
the end of the war was the return of 
demobilized veterans.”6 A fourth 
to a half of those who had entered 
the armed forces had returned home 
by Christmas. Some in war indus¬ 
tries were returning; and many non¬ 
farm jobs to which farmers had been 
commuting were cut off. 

Return migration to farms was 
light in counties of the Wheat Belt 
and Range-Livestock Regions, and 
also in Dairy Belt counties. There 
was heavy return of wartime mi¬ 
grants to the poorer, self-sufficing 
counties of the Southern Appal¬ 
achians. In the Corn Belt no seri¬ 
ous reemployment problems of per¬ 
sons returning to farms had yet de¬ 
veloped by the first of the year 1946. 
In the Dairy Belt there was consid¬ 
erable shifting from one non-farm 
job to another by residents after the 
war ended, but no serious problems 
of unemployment. There was still a 
shortage of labor on dairy farms. 

1 Professor of Rural Sociology. 
2 “Farm Population Estimates,” BAE, USDA, July 1945. 
3 “Illinois Resources,” Illinois Postwar Planning Commission, Chicago, Nov. 44, p. 157. 
4 Lake, DuPage, Kankakee, Champaign, and Rock Lsland. 
5 Pulaski, Saline, Scott and Henderson. 
6 “Farm Population Adjustments Following the End of the War.” Summarized bv Margaret Jarman 

Hagood, BAE, USDA, Feb. 1946. 
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The general trend over a long pe¬ 
riod of years has been for a net 
migration from rural to urban areas. 
Although the migration that devel¬ 
oped during the depression decade 
of the 1930’s was altered by the war, 
what happened then and in the 
1920’s can be a guide in planning 
for the next ten or twenty years. 
During the decade of the 1920’s—a 
period of general urban prosperity 
—net movement of population away 
from farms was about 630,000 per 
year. In the 30’s when depression 
time came, the average for the first 
five years was only 195,000 net 
movement per year; in 1932 there 
was a net migration to farms of 
325,000. During the last half of 
the decade net migration from farms 
increased to about 550,000 per year. 
Then there was a rapid increase in 
the rate of migration for 1941, 1942, 
and 1943; but by 1944 the rate again 
began to decrease and continued to 
decrease in 1945. 

In spite of the net migration away 
from farms, the farm population in 
1940 was about the same as in 1930, 
30,269,000, but in 1945 the farm 
population had dropped to 25, 
190,000. A larger than proportion¬ 
ate amount of this wartime loss was 
from farms of the South, where 
great underemployment of farm 
workers existed before the war— 
areas that needed to lose people. 
Nevertheless, in 1945 the South had 
52 percent of the total farm popula¬ 
tion with a much smaller proportion 
of the nation’s agricultural produc¬ 
tion or productive resources other 
than labor. The same situation is 
reflected in the State of Illinois. The 
poor-land areas, where farms are rel¬ 
atively small, contributed larger 
numbers, proportionately, to the 
out-farm migration; yet, these areas 
still have a relatively large propor¬ 
tion of the rural-farm population of 
the state with a much smaller pro¬ 
portion of the state’s agricultural 

production or productive resources 
other than labor. 

The fastest growing population in 
America has been the rural non-farm 
population—the people not engaged 
in farming who live in small towns 
and villages and in the open coun¬ 
try. Most of the increases in this 
element of the population has been 
near cities and industrial centers; 
people have moved out along the 
highways, railroad and bus lines so 
as to be able to go back and forth to 
their jobs in the cities. There has 
been somewhat of a trend for small 
industries to move into the smaller 
communities. The result has been a 
movement of people not only from 
the crowded cities to live in the less 
congested smaller places, but also for 
those not wishing to continue to 
farm to move into or near these 
centers. 

The only two elements in the total 
population which over a period of 
years have reproduced themselves 
have been the rural-farm and the 
rural-non-farm populations. It is 
anticipated that the rural-farm pop¬ 
ulation will not only continue to pro¬ 
duce more children than can profit¬ 
ably remain on farms, but also that 
the pressure will be accelerated by 
the trend toward fewer and larger 
farms. It may be, also, that the 
movement from cities to rural-non- 
farm areas will continue, especially 
if the movement toward placing 
small industries in rural communi¬ 
ties continues. There should be in¬ 
creased concern — more planning 
done—it would seem, to provide in¬ 
creased employment opportunities 
and better school, health, library, 
recreation, and social welfare serv¬ 
ices for the smaller communities of 
the state and nation in view of the 
fact that they are evidentally des¬ 
tined to become an important resi¬ 
dence and resource of our popula¬ 
tion. 



30 Illinois Academy of Science Transactions, Vol. 39, 1946 

EFFECT OF MINERAL NITROGEN ON THE YIELD 
AND PROTEIN CONTENT OF FARM CROPS 

H. J. SNIDER 

Soil Experiment Fields, University of Illinois, Urbana 

The production of mineral nitro¬ 
gen has been greatly increased in 
recent years. A large part of this 
production may now be diverted to 
fertilizer use, which may make avail¬ 
able a larger supply of commercial 
nitrogen for application on land de¬ 
voted to general farm crops. There 
has been a tendency for the selling 
price of this material to decline. It 
is the cost and possibility of profit 
which will be the controlling factor 
in its use in general farm practice. 

Nitrogen fertilizers may have two 
separate and distinct effects on 
crops. First, the crop may respond 
with an increased yield and second, 
there may be a considerable increas¬ 
ed protein content of the crop. Un¬ 
der favorable conditions mineral ni¬ 
trogen has been found to increase 
the yield and to some extent, the 
protein content of grain crops. 
When applied to hay and pasture 
grasses, .its use is usually accom¬ 
panied by a large volume of growth 
and a considerable gain in protein 
content of the grass. 

The effective use of mineral nitro¬ 
gen in crop production, broadly 
speaking, depends upon seasonal 
conditions, soil conditions, and the 
amounts and manner in which the 
nitrogen is used. 

Soil conditions likely to give large 
crop response are those lands which 
have been largely depleted of the 
natural supply of organic matter 
and therefore have a low nitrogen- 
supplying power. Farms which 
have rather consistently had regu¬ 
lar rotation of crops, including lib¬ 
eral additions of legume material to 
the soil, have been found less respon¬ 

sive to nitrogen fertilizers than soils 
not adjusted to this advantage. 

It is essential to have a proper bal¬ 
ance of fertility elements in soils if 
best results are to be obtained from 
the use of mineral nitrogen. The 
effect of this balance may be observ¬ 
ed in results from the Enfield and 
Elizabethtown fields (Table 2). Ni- • 
trogen in the form of ammonium 
sulphate was added to redtop and 
bluegrass, and increases amounting 
to 3,000 pounds and 1,650 pounds of 
hay were obtained on the respective 
fields. When the same amounts of 
ammonium sulphate were balanced 
with applications of superphosphate, 
the gains in hay yields amounted to 
4,770 pounds and 4,150 pounds re¬ 
spectively on the two experiment 
fields. The lack of balance was also 
apparent on the Garvis farm (Table 
1), where phosphorus and potassium 
fertilizers gave a 2,350-pound in¬ 
crease in corn yield over the untreat¬ 
ed land. When this fertilizer 
(0-20-20) was balanced with 100 
pounds of nitrogen in the form of 
sodium nitrate, there was an increase 
in corn yield amounting to 4,250 
pounds an acre. 

Nitrogen makes up the largest 
quantity of the several fertility ele¬ 
ments taken up by the corn crop. 
The average amount is 140 pounds 
of nitrogen in the grain, stalks, and 
cobs for each 100 bushels of grain 
under Illinois conditions. Potas¬ 
sium is the second highest of these 
elements with an average of 112 
pounds in the entire growth which 
goes with 100 bushels of grain. 
Phosphorus is relatively low with an 
average of 18 pounds in the grain, 
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stalks, and cobs. Nearly two-thirds 
of the nitrogen, 102 pounds, was in 
the grain. More than twice the 
amount of potassium, 76 pounds, 
was in the stalk and cobs as com¬ 
pared to that in the grain, 36 pounds. 
There was approximately three times 
as much phosphorus in the grain, 
13.4 pounds, as that in the stalks and 
cobs, 4.4 pounds. 

Mineral nitrogen in the form of 
sodium nitrate applied in addition 
to phosphorus and potassium 
(0-20-20) on the Garvis farm (Table 
1) gave an increase in total crop of 
1,900 pounds an acre. There was a 
rather significant gain of 14 bushels 
of grain from this nitrogen treat¬ 
ment. This grain contained 11.0 
percent protein compared to 10.5 
percent protein in the corn without 
the nitrogen treatment. This small 
difference in total protein might be 
of little significance in the feeding 
value of the grain, and would there¬ 
fore add little value to the crop. 

The loss of available nitrogen has 
a depressing effect on corn yield as 
illustrated by results from the 
Young farm (Table 1). In this 
test, 2y2 tons of oat straw was 
spread on the land in November and 
plowed into the soil the following 
spring. This application of straw 
apparently rendered unavailable ap¬ 
proximately half of the nitrogen in 
the soil and, consequently, reduced 
the total dry matter in the corn crop 
by 3,550 pounds, or 32 percent. The 
total nitrogen in the crop was reduc¬ 
ed 50 percent, phosphorus was re¬ 
duced 62 percent, and the amount of 
potassium by 34 percent. There was 
a 14-bushel decrease in the grain 
yield, which contained 29 percent 
less protein because of the shortage 
of available nitrogen. 

The untreated (none) land on the 
Young farm (Table 1) was relative¬ 
ly high in available nitrogen because 
it had been under a system of fallow 

cultivation through the 1941 season 
in order to destroy thistles. 

The addition of nitrogen fertil¬ 
izers to various grasses usually re¬ 
sults in larger yields and higher pro¬ 
tein content. The benefits are usu¬ 
ally in proportion to the amount of 
nitrogen applied, up to a certain 
limit. At Enfield, where 100 pounds 
of ammonium sulphate were applied 
to a redtop sod in April, a hay 
yield increase of 770 pounds with a 
protein content of 6.5 percent was 
obtained. Where 500 pounds an 
acre of ammonium sulphate were 
added, the hay yield gained 4,370 
pounds and contained 9.4 percent 
protein. Thus the larger amount of 
nitrogen produced more hay which 
had a relatively higher feeding value 
based on protein content. 

The redtop hay yield was increas¬ 
ed 3,000 pounds by the addition of 
400 pounds of ammonium sulphate, 
and the protein content was increas¬ 
ed 80 pounds a ton over that on un¬ 
treated (none) land (Table 2). 
Where 500 pounds of superphos¬ 
phate were added along with the 
ammonium sulphate, there was an 
additional increase of 1,770 pounds 
of hay but no additional increase in 
protein. The 1945 season was un¬ 
usually favorable for the growth of 
redtop, which may in part account 
for the large hay yields. 

The eroded hill land, on which the 
Elizabethtown field is located, is 
very deficient in available nitrogen 
and phosphorus, and will not grow 
bluegrass satisfactorily without the 
addition of these elements in an 
available form. This soil condition 
accounts for the rather unusual in¬ 
crease from 250 pounds up to 4,400 
pounds of hay an acre where nitro¬ 
gen and phosphorus (NP) were 
added to the soil (Table 2). The 
rather large increase in protein con¬ 
tent of the bluegrass, 150 pounds up 
to 310 pounds at Elizabethtown and 
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180 pounds up to 308 pounds at 

Joliet, was due in part to the physio¬ 

logical change in the growth of the 

grass brought about by the fertilizer 
treatment. Kentucky bluegrass at 
the full head stage of growth is usu¬ 
ally a stemmy hay, but the nitrogen 
fertilizer caused the growth to be¬ 
come almost entirely of a leafy na¬ 
ture. This change in growth habit 
accounts in part for the relatively 
large gain in total protein in the 
grass on fertilized land. 

The untreated (none) soil on the 
Joliet field grew satisfactory blue- 
grass without additional treatment 
as indicated by the 1,560 pounds as 
the acre yield. The relatively lower 
hay yields on the fertilized land of 
the Joliet field were due in part to 
seasonal conditions and management 
difficulties. This fertilized land 
produced a heavy growth which 
persisted late in the fall and caused 
smothering out of the growth, with 
consequent reduction in yield the 
following spring. 

Table 1.—Composition and Yield of Corn As Affected by Various Soil 
Treatment on Two Farms, 1942 

Soil 
Treatment 

Entire Crop, lbs. an Acre Grain 

DM N P K bu. 

1 
Protein 

% 
P 
% 

K 
% 

Gar vis Farm 
None. 7170 94 7 83 73 10.0 .14 .59 
PK. 9520 115 11 96 82 10.5 .20 .50 
NPK. 11420 151 15 130 96 11.0 21 .55 

Young Farm 
None. 11110 151 16 174 77 11.4 .24 .68 
Straw. . . . 7560 75 6 115 63 8.1 .11 .72 

DM—stalks, grains, cobs. 
PK—500 lbs. 0-20-20 fertilizer. 

N—625 lbs. NaN03 
Straw—2 y2 tons oat straw. 

Table 2.—Yield and Composition of Redtop and Kentucky Bluegrass Hay as 
Affected by Nitrogen and Phosphate Fertilizers on Three Fields, 1945 

Soil Treatment 

Enfield Elizabethtown Joliet 

Hav 
lbs./A 

Protein 
lbs./ton 

Hav 
lbs./A 

Protein 
lbs./ton 

Hav 
lbs./A 

Protein 
lbs./ton 

Red Top Bluegrass Bluegrass 

None. 3290 132 250 150 1560 180 
N. 6290 212 1850 310 2540 308 
NP. 8060 200 4400 305 2330 300 

N—ammonium surphate 
Enfield 400 lbs. an acre each 3rear total 800 lbs. 
E-town 500 lbs. an acre each year total 2500 lbs. 

-Toliet 500 lbs. an acre each year total 2500 lbs. 

P—20% superphosphate 
Enfield total 500 lbs. 
E-town total 500 lbs. 
•Toliet total 750 lbs. 
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ANTHROPOLOGY 

CORD-DECORATED POTTERY IN THE GENERAL 
PEORIA REGION 

E. SCHOENBECK 
Peoria, Illinois 

Cord-decorated* pottery, a pot¬ 
tery decorated with cord-imprint 
lines, is a quite distinctive type of 

' Woodland pottery occurring at vari¬ 
ous sites in Illinois but not often de- 

< scribed or commonly familiar. It is 
here reported as known to the writer 

! from a number of sites in the middle 
Illinois River Valley, in the general 

i region of Peoria, with special atten¬ 
tion given to the Clear Lake Village 

i representation. 
The outstanding trait of this ware 

i is a surface decoration utilizing a 
short straight cord-imprint as a 
line, the line being employed to 

i form geometrical and linear ar¬ 
rangements on neck and lip, or lip 

t only. A “squared mouth” effect, 
produced in several ways, is a second 

jt conspicuous characteristic. There 
are, also, other distinctive features. 

The cord-impressed decoration is 
stated by Dr. James B. Griffin, As¬ 
sistant Curator, Ceramic Repository 
for the Eastern United States, Uni- 

- versity of Michigan, to be very wide¬ 
spread in North America east of the 

j Rockies, and its ultimate origin he 
believes to be Asiatic. A cord- 
decorated pottery of Illinois, desig- 
nated as Maples Mills Cord Decorat- 

8 ed, is considered one of the late 
boundaries of the Woodland in Cen¬ 
tral Illinois. Mr. Griffin states that 
this ware has never been earlier 

i than, or contemporary with, Hope- 
wellian but always later, and that it 

i has never been found outside of a 

local area. Its presence on a Hope- 
wellian, or other culture, site indi¬ 
cates successive periods of occupancy 
of the site. 

A cord-decorated ware in Wiscon¬ 
sin was described by Dr. S. A. Bar¬ 
rett in Ancient Aztalan, 1933 publi¬ 
cation of the Public Museum, Mil¬ 
waukee, Wis. An angular mouthed 
ware was designated simply by the 
general term, “Woodland ware;” a 
circular mouthed was called Lake 
Michigan ware. Both have been 
stated to belong to the Michigan 
phase of the Woodland, a phase 
named by Dr. W. C. McKern of the 
Milwaukee Public Museum. 

Cord-decorated pottery from cen¬ 
tral Illinois was described by Dr. 
Fay-Cooper Cole and Dr. Thorne 
Deuel in Rediscovering Illinois, 
1937 publication of the University 
of Chicago, dealing with exploration 
in Fulton County, and was designat¬ 
ed as 4 ‘ Type 5, Maples Mills Corded- 
Design.” It was stated fo occur at 
the Gooden component in Fulton 
county and also at the Clear Lake 
Village and Mound sites in Tazewell 
and Mason counties. The Gooden 
component was classified as belong¬ 
ing to the Maples Mills focus, unde¬ 
termined aspect, phase tentatively 
designated Tampico, Woodland pat¬ 
tern. The name, “Gooden Cord 
Impressed”, has been used for this 
ware by Dr. Griffin, who considers 
it to be a recognizable subdivision of 
the pottery belonging to the Lake 

* Cord decorating should not be confused with cord roughening, which is an all-over rough surfacing 
such as could result from use of a cord-wrapped paddle in shaping the pot. 
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Michigan phase of the Woodland. 
Amounts of the ware were given as 
three ollas and a few sherds at the 
Gooden site, and nine sherds, includ¬ 
ing rims, at the Clear Lake sites. 

Cord-decorated ware was reported 
from the Clear Lake, Mossville, and 
Blumenshine or Knocke Villages by 
the writer in 1940 and was further 
described in Clear Lake reports of 
1941, 1942, 1943 and 1944, published 
in Transactions of Illinois State 
Academy of Science. 

Two appearances of pottery with 
cord-impressed decoration were de¬ 
scribed by Mr. Griffin in Contribu¬ 
tions to the Archaeology of the Illi¬ 
nois River Valley, 1941 publication 
of the American Philosophical So¬ 
ciety, dealing with explorations 
along the lower Illinois River valley 
made by Dr. Warren K. Moorehead 
for the University of Illinois. The 
ware was recorded from the Hagan 
Mounds at Browning, Illinois, and 
from Snicarte Village, near Sni- 
cart&, Illinois; the Hagan pottery 
was stated to closely resemble that 
belonging to the Maples Mills focus, 
and a majority of the Snicarte ware 
was said to be of the Maples Mills 
type. Mention was made that simi¬ 
lar pottery had been collected by Mr. 
J. L. B. Taylor at a number of vil¬ 
lage sites in Illinois River valley. 

The Corbin site in northern Illi¬ 
nois is listed as of the Maples Mills 
focus, with the University of Illi¬ 
nois as the source of record. 

This 1946 report concerns cord- 
decoratecl pottery from nineteen 
sites, some but not all recorded in 
the Peoria Academy of Science ar¬ 
chaeological survey. Included are 
Clear Lake village (No. 30), Blu¬ 
menshine or Knocke village (No. 5), 
Steuben village (No. 22), Bench 
village (No. 3), Williams village 
(No. 24), Copperas Creek village 
(No. 32), Partridge Creek Village 
(No. 33), Mossville village (No. 10), 

Hildemaier village (No. 4), Krause 
site, Ashelon village (No. 35), Meta- j. 
mora Road site, Little Creek site 
(No. 39), Crane site, Keithburg site, 
Platform Hill site, Texaco site, j 
Schultz village (No. 36), Orchard ' 
Mines village (No. 37). 

Material studied, in addition to 
the Schoenbecks’, is from the collec¬ 
tions of Anson M. Simpson (now the | 
property of Peoria Academy of j 
Science), Virginius H. Chase, Leroy 
P. Elliott, and Willis D. Speight. 

Maples Mills cord-decorated ware 
lias been shown, through excavations 
made at Clear Lake Village by Mr. 
and Mrs. Schoenbeck and Mr. Simp¬ 
son, members of Peoria Academy of 
Science, to have been present there 
in considerable amount, and to have 
forms, characteristics, and varia¬ 
tions additional to those recorded in 
Cole and Deuel’s original type de¬ 
scription. The Schoenbeck collec¬ 
tion now includes about 120 rims, 
over 200 lower rims, considerable 
portions of nine pots, one decorated 
body sherd, and some hundreds of 
cord-roughened body sherds, recog¬ 
nizable when they bear a par¬ 
ticular cord roughening characteris¬ 
tic of a part of the ware. The Clear 
Lake representation seems, to-date, 
to have strong individuality but also 
includes variations. 

This ware, in such an amount, at 
this site classified as Hopewellian, 
shows successive occupation of the 
site by early and late peoples. Clear 
Lake Village has now been shown to 
have had a long occupation and a 
long pottery developmental sequence 
with changing concepts. Extended 
research, resulting in richer discov¬ 
ery, has borne out Cole and Deuel’s 
original l^pothesis. The pottery 
sequence has recently been pro¬ 
nounced by Dr. Deuel to be the long¬ 
est known for any site in Illinois. 
The exceptionally rich pottery com¬ 
plex shows Woodland and Hopewell- 
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Fig. 1.—Maples Mills cord-decorated ware: 
Photograph by William Ilolling. 

Clear Lake Village, Nos. 1 to 7. 
First row—1. alternate diagonal-hachured triangle. 

2. alternate hachured and plain triangle, double row. 
3. horizontal lines, broken by line and punctate design at point area. 

Second row—4. diamond pattern. 
5. angular, but ungeometrical design. 

body sherd showing fat, 2-ply-cord cord-roughening. 
Corded Lip, plain surfaced. 
Knocke Village, Corded Lip, 2-ply-cord cord-roughening. 

9. Orchard Mines Village, Corded Lip, plain surfaced. 
10. Orchard Mines Village, Corded Lip, plain surfaced. 
11. Schultz Village, whole rim decorated, lugged. 

Specimens 9, 10, and 11 are from the Willis D. Speight collection. 

Negative Painted 

6. 
7. 

Third row—8. 

ian in early, transitional, advanced 
and latest forms. It includes all 
Woodland and Hopewellian types 
listed by Cole and Denel for Fulton 
County and Clear Lake; most of 
those described by Griffin for the 
lower Illinois River valley; some 
not yet described or named as types, 
including ware not previously 
known to Dr. Griffin; Marksville 

Red Filmed, 
Thickened Rim, Gono Cord, Morton 
Incised and additional types. Sev¬ 
eral Mississippian types are present 
in exceedingly small amount. Maples 
Mills ware would be the latest Wood¬ 
land type. 

To the original Maples Mills de¬ 
scriptive data, the writer has added, 
from occurrences revealed in the 
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Clear Lake representation, the use 
of two particular temperings; the 
frequent appearance of a special 
cord roughening; other punctates, 
surfaces, designs, necks, colors and 
shapes; more descriptive details for 
the various features; and a few 
variations differing in one or more 
chief characteristics. Variations are 
described separately. A sub-group 
is suggested for one; a type for an¬ 
other. 

Decoration, emphasizing and en¬ 
circling the neck, expresses the idea 
of collaring. Confined to necks, lips 
and neck lugs, with one exception, it 
consists of both surface ornamenta¬ 
tion and modeled features. Surface 
decorative elements are the cord-im¬ 
print and the punctate. Modeled 
features number three, all used to 
produce the “squared mouth” ef¬ 
fect, the raised point, the lug some¬ 
times placed on the point, and the 
trimmed or “cut-out” lip. A mod¬ 
eled collar is reported under the 
suggested type. Flaring the points, 
also sometimes angling or cornering 
them, often aids in accomplishing 
the “squared mouth,” which seems 
limited sometimes to an effect only, 
the base of the neck remaining cir¬ 
cular. In the cord-decorated, lugs 
are used only as additions to points, 
to strengthen the effect, never ac¬ 
complishing effect alone. Decora¬ 
tion of lip is a strong characteristic. 

Decoration always covers the en¬ 
tire neck on the exterior; it often 
appears on the interior in the area 
bordering lip, and in rare instances, 
extends the neck depth. It appears 
-on practically all lips and on all 
lugs. It is often finished at top and 
bottom with enclosing or bordering 
lines, strengthening a horizontal or 
band effect around the neck, and is 
placed on both cord-roughened and 
smoothed surfaces. 

Cord lines are used to form geo¬ 
metrical designs and patterns for 
the band. Designs composed of lines 
in other angular arrangements do 
occur, but rarely. Design units are 
commonly repeated to build up the 
pattern for the band and are modi¬ 
fied in shape and arrangement to 
conform with the widening of the 
band where the raised points occur. 
Special arrangements of lines often 
mark the point areas. The triangle 
is the common design; a ladder, a 
very rare one. Designs and patterns 
other than the geometrical are not 
identified yet, or easily described. 
The row of alternating triangles; 
the group of horizontal lines, broken 
at the point areas; and the diamond 
comprise the identified patterns. Tri¬ 
angles alternate in surfacing, hach- 
ured and unlined or hachured in op¬ 
posing directions, such as the two 
diagonals. The unlined triangle 
may be smooth or cord-roughened. 
Occasionally two rows of triangles, 
one above the other, occur. The pat¬ 
tern of horizontal lines is broken at 
points with a design or an arrange¬ 
ment of lines. The diamond pattern 
is a simple crossing of oblique lines. 

A comparison with the Aztalan 
ware shows that whereas the line ar¬ 
rangements in that ware were re¬ 
ported so varied that each new sherd 
was expected to be different, much 
of the ware of the Peoria region lacks 
variation, having considerable repe¬ 
tition. 

The cord line is one half to several 
inches long. Cord is 2-pl3T twisted, 
and is generally large and round but 
varies to quite fine. It appears 
singly, in pairs, and in groups. In 
the paired imprints, the ply twists 
of the two cords may appear in the 
same or opposed positions. A long, 
continuous, horizontal line may not 
only border the band or make up the 
pattern but also parallel the lip on 

1 
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the interior or run through the lip 
surface entirely around the circum¬ 
ference. Fine striations often show 
in imprints, suggesting a rather 
harsh fiber. A cord differing in 
some respects from the usual also 
occurs. As to methods of producing 
the cord imprint, a paddle with 
neatly spaced cord wrapping could 
have produced all short lines, in¬ 
cluding groups. Long straight lines 
might have been made by the short 
line repeated, end to end; long 
curved lines might require a length 
of cord. A short touch with paddle 
edge could make the punctate. 

The punchmark, or punctate, ap¬ 
pears on both outer and inner rim 
surfaces, on both outer and inner 
edges of lip, and on top lip. Used 
on lip it sometimes produces a notch¬ 
ing effect which might be called 
punch-notched; when this notching 
is closely spaced a waving edge re¬ 
sults, which might be called punch- 
waved. It has been repeated to j 
form a bordering line for the band, 
the line generally subtending when 
used at base. Rarely it may form 
lines in design. 

It includes the common punctate: 
the cord punctate (Cord Punctate 
being a name previously offered by 
the writer as more correct tliajf 
“Bent Twig”) ; a fingernail punc¬ 
tate, and a flat punctate. The finger¬ 
nail is a small, sharp, curved line 
(such marks often occur on inner 
surfaces of pottery where made ac¬ 
cidentally in the manufacture of the 
ware). The flat is a broad imprint 
such as might be made with the back 
of a thumbnail or by a bare paddle 
edge, lightly applied. 

The principal shape has a vertical 
neck, sharply set off from the much 
larger, somewhat flattened should¬ 
ers of a globular body or of a bulg¬ 
ing-shouldered body with semiconoi- 
dal base. A globular form without 
the shoulder flattening also occurs. 

A different neck is one that is curved 
and flaring. 

Another flattened-shoulder globu¬ 
lar body with a differing rim, a slop¬ 
ing-shouldered jar, a form with 
brief rolling rim, and other varia¬ 
tions are among those described sep¬ 
arately. Necks generally measure 
two to three inches, though shorter 
ones occur. Though the neck is 
sometimes straight, it often flares 
slightly at top or bottom, or both. 
Size of pots ranges from small to 
quite large. Mouth diameters vary 
from 4%" to 14" and a large pot 
may be 53" aronnd. 

Lips may not only be simple and 
rounded; or horizontal, often flang¬ 
ed and overhanging exteriorly; but 
also outwardly sloped, both with and 
without the overhang; briefly rolled; 
horizontal and flat; and sometimes 
considerably thinned and waved. 
^Overhanging lips may measure 
in width. Lips are mostly decorated, 
some elaborately, lip decoration be¬ 
ing a conspicuous feature. 

The raised points, produced by a 
gradual heightening and lowering of 
the rim top edge at intervals aronnd 
the mouth, seem to number four as 
indicated by spacing and shaping 
on rim portions of sufficient size to 
show. The lugs, sometimes present 
on rim at tips of raised points, are 
elongated, vertically placed, and 
always decorated. 

While the usual color is a red- 
brown, there is also a gray-tan and 
an infrequent gray-blne. Inner sur¬ 
faces, well smoothed, are often de¬ 
cidedly blackish, and the writer sug¬ 
gests they may have been subjected 
to some slight treatment. To the 
cord-roughened exterior originally 
cited is added a smooth one, an in¬ 
frequent occurrence described among 
the variations. 

The distinctive surface-roughen¬ 
ing, reported as a characteristic of a 
portion of the Clear Lake ware in 
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1944, definitely identifies even an un¬ 
decorated body sherd, making it 
easily recognizable at a glance. The 
general effect is an all-over pattern 
showing orderly alternating small 
oval pitting or dimpling, such as 
might be caused by the bulging 
twists of fat-bodied strands in a 2- 
ply cord. Sometimes noticable are 
broad corrugations in an up and 
down direction, caused perhaps by 
quite round full cords. The strand 
imprints often show the fine stria- 
tions noticed in the decorative cord 
line imprints. The whole appear¬ 
ance is dull in texture and surface 
finish, showing no polish or high¬ 
light. 

The previously reported, particu¬ 
lar, black, sharp-angled tempering 
material, or basaltic hornblende, 
suggested by the writer as possibly 
the same tempering described for 
part of the Aztalan ware, is coarser 
than the other grit used, and in the 
coarsest sherds is sometimes exposed 
on the surfaces as flat, black planes 
with irregular outlines. Clay has a 
tendency to crack or flake. Other 
grit used may be quite fine, allowing 
hard surfaces and thin walls. A 
tempering material containing lime 
was used also, as indicated by leach¬ 
ing out of tempering fragments, 
leaving holes. A pottery with miss¬ 
ing tempering is also described from 
Aztalan, as ‘‘cell-tempered” pottery 
in which the tempering has disap¬ 
peared, leaving empty cells. 

Walls vary from quite thin to 
heavy, the thinnest being about 2 mil¬ 
limeters or 1/12 inch and the thick¬ 
est, about 1 centimeter or 2/5 inch. 
They often thicken at the joining 
neck and shoulder. 

Variations include the following 
specimens. There is a sloping- 
shouldered jar shape with alternat¬ 
ing hatchured triangle decoration 
applied crudely over cord-roughen¬ 
ing which shows the fat-bodied cord. 

Lip slopes outward and bears the 
cord running through center and 
cord punctates on outer edge. 

Three variations are plain sur¬ 
faced. One has a one-inch vertical 
neck, undecorated but for the cord 
line running through the center of 
the flat, horizontal lip. It is yellow- 
brown in color and has the black an¬ 
gled tempering. Ware with only the 
lip decorated appears also at other 
sites, with frequency and in amount 
sufficient to give it identity, and the 
writer suggests it might be consid¬ 
ered a subgroup of Maples Mills 
Cord-Decorated and designated as 
Maples Mills Cord-Decorated Lip 
pottery. Maples Mills “Corded 
Lip” might suffice. Although necks 
are generally plain and smooth, one 
specimen from another site shows 
fat-cord cord roughening on the 
body. 

Another plain surfaced sherd has 
no neck, only a brief rolled rim with 
wide fiat horizontal lip that over¬ 
hangs exteriorly, bearing short cord 
lines across its surface. It is dark 
gray in color and the body seems to 
be globular. The interior is smooth; 
thickness is 3/16 inch. It might be 
considered as belonging to the 
“Corded Lip”. 

The third plain surfaced sherd is 
a lower rim showing only vertical 
cord lines. It is 5/16 inch thick and 
light brown. 

Another variation is a shoulder 
sherd showing the strong shoulder, 
the black angled tempering, and the 
fat-cord cord roughening,but having 
a decoration composed of a round 
punctate and a fingernail punctate 
used together on the shoulder. This 
is the only decorated body sherd. 

A collared rim ware, without cord 
decoration but apparently closely as¬ 
sociated with, and possibly related 
to, the cord-decorated pottery, is 
present at this site. The rim is up¬ 
right with the upper inch or half 
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inch thickened exteriorly, forming 
a collar. This collared rim is de¬ 
scribed for the Aztalan site, and Mrv 
Griffin states it is a feature of the 
pottery in the Lake Michigan phase 
in Wisconsin and Michigan and is 
often associated with Gooden Cord 
Impressed (Maples Mills Corded 
Design) pottery from northern Illi¬ 
nois. The writer suggests it be class¬ 
ed as a type and offers the name, 
“Maples Mills Collared,” as correct¬ 
ly expressive of both its relationship 
and physical characteristics. 

One collared specimen shows a 
flattenecl-shoulcler globular bowl hav¬ 
ing a vertical neck, sharply angled 
with, and much smaller than, the 
shoulders. Lip is smooth, flat, hori¬ 
zontal, and thinner than wall which 
is % inch thick. Exterior is cord 
roughened to lip with the fat-cord 
cord roughening and the interior is 
smooth. Color is dark red brown. 
Surface of collar slopes outward, 
forming a slight ridge at bottom. 
Tempering includes some black an¬ 
gled mixed with fine grit. Bowl is 
about 10 inches high and mouth is 
11 inches in diameter. 

Another collared rim shows a 
limestone tempering in process of 
disintegration, there being flinty 
fragments, crumbling fragments of 
limestone, and holes where other 
fragments have disappeared. An¬ 
other has a one-inch collar. 

Among other local sites showing 
cord-decorated ware, Blumenshine 
or Knocke village is important for 
having the type as its dominant one. 
It is not a large site and the mate¬ 
rial, mostly collected from the sur¬ 
face, is small in amount, but the 
purity of the pottery complex gives 
it special interest. There is almost 
a total absence of other Woodland 
ware. Of the 59 rims and lower 
rims in the Schoenbeck collection, 
57 are cord-decoratecl, one is plain 
and one is Mississippian. Nearly all 

Fig. 2.—Maples Mills collared ware: 
Clear Lake Village 

Flattened shoulder pot has the fat 2-plv- 
cord cord-roughening. 

body sherds are fat-cord cord rough¬ 
ened, or plain. Black angled temper¬ 
ing is much used but in combination 
with other. Most sherds show black 
interior surface. Designs and pat¬ 
terns are the usual ones, including 
the diamond, but several rims show 
decorations on lip or inner lip only. 
One hollow lug suggests it had been 
made by an outward push from the 
interior. One perforated lug is in 
the Simpson collection. 

The Steuben site has an exceeding¬ 
ly small amount of cord-decorated 
pieces among hundreds of punctate, 
dentate stamped, and some finer 
Hopewell. Only nine sherds, two 
lower rims and seven body, are in 
the writer’s collection. Eight have 
the fat-cord cord roughening and 
three have black interiors. 

The Rench village has very small 
representation, although there is 
considerable dentate stamp and 
other Hopewell. Decoration in lim¬ 
ited amount, on lip and inner lip, is 
noticable, and so is the black inter- 
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ior. There is some fat-corcl cord 
roughening and a little black angled 
tempering. 

The Williams village has also but 
a small showing, with much more 
dentate stamped and Mississippian. 
The sherds, both from the surface 
and from excavations, show all to 
have the fat-cord cord roughening 
and most to have the black interior. 
There is some black tempering mixed 
with other. 

The Partridge Creek village has 
yielded mostly cord-decorated pot¬ 
tery through surface collecting. The 
greater part has the fat-cord cord 
roughening, the black interior, and 
the black angled tempering mixed 
with other. 

Copperas Creek site has a small 
showing of the ware from its plowed 
surface. The sherds are rather 
coarse and have mostly ordinary grit 
temper. There is little of the par¬ 
ticular cord roughening and no 
black interiors. 

The Mossville village ware is de¬ 
scribed as known from the Simpson 
collection. Two pots have cord 
decoration, the one across the lip and 
one on inner lip. The second has a 
pentagonal mouth. Cord is stated 
to be 2-ply. The diamond pattern is 
included among the few rims. A 
part of the ware resembles a heavy, 
rather coarse gray Woodland Plain 
or Woodland Cord roughened. The 
site has also Hopewellian and Mis- 
sissipian wares. 

Sites with the cord-decorated pot¬ 
tery, as revealed by the L. P. Elliott 
collection, included four already 
listed and in addition the Platform 
Hill site near Havana. This site 
showed pottery with the black an¬ 
gled tempering, one-fourth of which 
had the particular cord roughening. 
The representation was small. 

Five additional sites are recorded 
from the Willis D. Speight collec¬ 
tions. The Hildemnaier village, a 

Mississippian site with mounds, 
showed only one lower rim of a de¬ 
cided blue-gray color, gritty texture, 
and bearing cord lines. 

The Texaco site had but one low 
rim, showing a lug without raised 
point, and the diamond pattern 

Pottery from the Aslielon, Scb :l, 
and Orchard Mines villages was of 
one general character. It was dec¬ 
orated on lip only; was plain sur¬ 
faced so far as rim shoulders 
showed; had outward-sloped, often 
wide lips, sometimes overhanging; 
was light reddish brown in color, 
rather coarse, gritty, and medium to 
heavy in thickness. Necks were 
vertical, sometimes flared at top, and 
were placed at an angle with the 
round full shoulders. There were 
some cord-roughened body sherds, a 
few showing the fat-cord roughen¬ 
ing. There was little black angled 
tempering. One rim showed slop¬ 
ing shoulders and cord roughened 
body. Poor firing was indicated 
frequently by walls being gray in 
center. The greatest lip width ob¬ 
served was 9/16 inch. 

Lip decoration consisted of one or 
several long cord lines running 
through center of lip, occasionally 
accompanied by punctates on outer 
edge of lip, and of short lines cross¬ 
ing the lip. Sometimes the long 
lengthwise line and the short cross¬ 
wise line were used together. The 
short crossing line was sometimes 
oblique. Punctates included the tube 
(which shows a little peak of clay in 
center such as would be left by a hol¬ 
low or tube-like tool) and the short 
incised. Only one rim and two lower 
rims had decoration similar to the 
usual Maples Mills. The rim had 
the raised point bearing a lug and 
the decoration the full depth of rim, 
composed of opposing lines. The 
lower rims had cord-roughened body 
attached; one showed a horizontal 
lme and the other, punctates. 
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Ware from these sites might be in¬ 
cluded with that for which the name 
Corded Lip, was offered, considered 
as possibly a subgroup of Maples 
Mills Cord Decorated. 

Material from the Krause site, the 
ffamora Road site, the Little 

v °k site and two sites not local, the 
Cram1 site near Crane, Ill. and the 
Keithsburg site near Keithsburg, 
Ill., contained cord-decorated ware 
as shown in the Virginius Chase col¬ 
lection. The local sites had merely 
a representation of the type, too 
small to furnish information other 
than a record of the ware, and re¬ 
vealing no different or outstanding 
features. 

Of the two distant sites, the Crane 
site was of most interest. Its repre¬ 
sentation consisted of only one rim 
but it was entirely different. It had 
a wide plain band around the top of 
the rim, beneath which were vertical 
columns of short horizontal cord 
lines, the columns being repeated 
around the neck. The lip was hori¬ 
zontal, flat, and notched on inner 
edge. Tempering was ordinary grit. 
The rim was nicely finished and the 
general effect brought to mind Cole 
and Deuel’s type 2-a. 

A rim from the Keithsburg site 
had ordinary grit tempering and the 
usual red-brown color. Decoration 
showed about ten horizontal lines. 
Lip was notched on inner and outer 
edges alternately so that a waving 
resulted. 

Among the Clear Lake pottery, 
not yet described or named as a type 
for this area, is a pottery which 
bears as the only, or chief decoration 
an imprint made with the edge of a 
cord-wrapped-paddle, for which the 
writer offers the name, Clear Lake 
Corded-Paddle-Edge. This decora¬ 
tion has previously been termed 
cord-wrapped-cylinder or cor d- 
wrapped-stick but corded-paddle- 

edge is offered as more correctly de¬ 
scriptive, the cord-wrapped model¬ 
ing paddle simply turned edgewise 
being more easity and more probably 
used than a second special tool. 

The paddle-edge may be imprint¬ 
ed flatwise or edgewise, in the second 
instance leaving a lengthwise line 
in the center of imprint. Cord 
wrapping may be widely or closely 
spaced, and the cord may vary in 
size from medium to quite fine. 

The pottery grades in weight from 
heavy to light. In general, the 
heavier compares in weight, paste, 
temper, texture, color and shape 
with Cole and Deuel’s type 2, or 
Griffin’s Naples Dentate Stamped, 
and the lighter weight comprises the 
rather thin ware bearing this decora¬ 
tion which Cole and Deuel placed in 
subtype 3-a. 

In the heavier pottery the print 
may be used on upper rim, lip, or 
body. It may be but a short stroke 
repeated around the upper rim; gen¬ 
erally the position is diagonal riglit- 
to-left, rarely vertical or diagonal 
left-to-right. It may appear as a 
small lip notching, which sometimes 
waves the lip. Occasionally it ap¬ 
pears on the top or on interior of lip. 
Sometimes it covers the whole rim. 
It may appear in horizontal position. 
It may make a long continuous line 
and may occasionally be combined 
with incising in zoned designs. The 
boss is used with it frequently, and a 
punctate, less often. It is placed on 
both smooth and cord-roughened 
surfaces. Lips may be flat, horizon¬ 
tal, inward or outward sloped, occa¬ 
sionally overhanging. 

In the lighter weight pottery the 
use of the imprint is limited to the 
simple upper rim, with a design or 
other exception extremely rare. The 
usual position is the oblique right-to- 
left. Imprint may notch lips. The 
vertical and the diagonal left-to- 
right positions are also infrequent in 
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this weight, as is an imprint on inner 
lip. The fingernail punctate is com¬ 
bined with the imprint in rare in¬ 
stances. The collar and channel 
sometimes occurs. The imprint is 
placed on a surface smooth to the 
shoulder, and often cord-roughened 
from the shoulder down. The wide- 
intervaled cord roughening, with the 
cord imprints sharp, distinct, and 
fine, so abundant at this site, often 
appears in this weight. Necks are 
vertical or flared outward. Lips are 
simple, flat, or rounded, horizontal, 
rarely rolled. Instances of cord 
roughening on lip and neckless 
forms occur as exceptions. Color is 

light brown or gray. The form is a 
wide-mouthed sloping shouldered ; 
jar with a conoidal base. 

An interesting but puzzling occur¬ 
rence is a rim with outer surface j 
missing but with inner surface bear- i 

ing this imprint and the rim seeming 
to show a corner. 

The heavier pottery numbers : 
around 100 rims and lower rims. The 
lighter weight includes over 450 
rims but it seems probable that they 
represent a lesser number of pots 
since their general similarity and 
frequent small size have made it 
difficult to distinguish related ones. 
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BOTANY 

INHERITANCE OF FOLIAGE VARIEGATION 
IN VARIEGATED ENGLISH ELM 

J. C. CARTER 
Illinois State Natural History Survey, Vrbana, Illinois 

Inheritance of foliage variegation 
in variegated English elm, TJlmus 
procera argenteo-variegata (West.) 
Rehd., was observed on seedlings 
grown from seed of a single parent 
tree. Eighteen seedlings were 
obtained from an undetermined 
number of seeds which were planted 
May 22, 1940. Nine of the seedlings 
developed variegated foliage, while 
the remaining nine seedlings devel¬ 
oped normal green foliage. Varie¬ 
gation began to appear on the first 
unfolding leaves when they were 
about % inch long. It increased in 
amount and in intensity on new 
leaves as they expanded during the 
growing season. 

Variegation appeared as white to 
light green spots and stripes—a mo¬ 
saic arrangement of green and white 
tissues—interspersed in the normal 
green tissues, fig. 1. White areas 
occurred where green pigment was 
absent in both the palisade cells and 
the spongy mesophyl. These white 
areas were visible on both the upper 
and lower surfaces of the leaves. 
Light green areas occurred where 
green pigment was present in the 
spongy mesophyl but was absent in 
the palisade cells. These light green 
areas were visible only on the upper 
surfaces of the leaves, except when 
the leaves were observed against a 
background of bright light. 

The amount of variegation varied 
from a few white to light green areas 
on one or a few leaves of individual 
seedlings to numerous white to light 
green areas on many leaves of other 

seedlings. Variegation of the seed¬ 
lings which had an abundance of 
white to light green areas, fig. 2, was 
similar in pattern and intensity to 
that of the parent plant, fig. 1. 

Several investigators have report¬ 
ed that color abnormalities in the 
foliage of several plants are her¬ 
itable. Emerson (2), studying blotch 
leaf of maize, and Burkholder and 
Miller (1), studying pseudo-mosiac 
of beans, found that these abnormal¬ 
ities are inherited as recessive fac¬ 
tors. Parker (3) found that yellow- 
spot in beans is inherited as a single 
Mendelian factor and behaves as a 
simple dominant. Parker (4), 
Thompson (5), and Whitaker (6), 
studying certain foliage variega¬ 
tions in beans and lettuce, found 
that these abnormalities, due to clilo- 
rophyl deficiencies, were the result 
of cytoplasmic variation and that 
they could be transmitted only by a 
female parent—the parent contrib¬ 
uting cytoplasm to the seed. 

Because of the time required—sev¬ 
eral to many years would have to 
elapse before trees grown from seed 
would themselves produce seed—it 
has not been possible to analyse the 
method of inheritance by which 
variegation is transmitted by Eng¬ 
lish elm. Because of the small num¬ 
ber of seedlings observed, the ap¬ 
parent 1:1 ratio noted probabl}T lias 
no significance. From the studies 
cited above, that have been made 
with rapidly reproducing plants, it 
may be supposed, however, that 
variegation is transmitted by Eng¬ 
lish elm as a cytoplasmic variation. 
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Fig. 1.—Variegated foliage of the parent tree showing the mosaic or blotched ar¬ 
rangement of the white and light green areas in the leaves. The amount 
or intensity of variegation varies greatly on different leaves of a single 
twig. 
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Fig. 2.—Variegated seeding showing variegation similar in pattern and intensity 
to that of the parent plant. 
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ILLUSTRATED NOTES ON THE FLORA OF HENRY COUNTY 

RAYMOND J. DOBBS 

Geneseo, Illinois 

These notes are based upon, and 
incidental to, a botanical survey be¬ 
ing made by the writer of Henry 
County, one of a group of Missis¬ 
sippi Valley counties situated in the 
west-northwest part of Illinois. 
This project has claimed a 
great part of the writer’s time and 
attention during the past 12 years, 
and is still continuing. To date some 
1150 species, varieties, and forms 
have been found, including many 
rare plants and a few apparently not 
recorded heretofore from Illinois. 
These comments concern those 
found or observed for the most part 
during the 1945 collecting season. 

Collomia linearis Nutt, (Gilia 
linearis (Nutt.) Gray of Gray, Man., 
ed. 7.) is a rare plant in Illinois, 
and seemingly of uncertain status. It 
has been reported from a number of 
counties, but always with few anno¬ 
tations as to its habitat or distribu¬ 
tion. Deam reports it as having 
been found along railroad tracks in 
Indiana on one occasion. It is na¬ 
tive on the west coast, and in Cali¬ 
fornia mountains it is found on dry 
slopes and flats up to at least the 
8,500-foot level. Unfortunately, the 
writer never found the species there, 
although for eight years he travers¬ 
ed California mountain trails afoot, 
to the extent of about 5,500 miles, in 
quest of new plants, and has botan¬ 
ized in all the zones of plant life in 
that state, from the below sea level 
regions of the Salton Sea to the top 
of Mt. Whitney, the highest peak in 
the United States. 

The first introduction of this plant 
to the writer was on June 25, 1935, 

when a few specimens were found in 
v7aste ground along railroad tracks 
about U/2 miles west of Geneseo. 
These plants have been under ob¬ 
servation since that time, and a few7 
specimens have gradually spread. 
However, this increase in abundance 
was not always immediately appar¬ 
ent. During the spring of 1943 it 
was necessary to make three visits to 
the station before a single plant 
could be found. My third visit was 
a determined one, however, and 
finally after diligent search the 
colony was found to be not only per¬ 
sisting, but, indeed, spreading. At 
least it had spread in one direction 
as a long narrow band under a wire 
fence, which, with dominant quack 
grass on one side and a farmer’s 
plow on the other, seemed to be the 
line of least resistance. 

My last revisit was made on June 
19, 1945, practically ten years after 
the first few specimens were found. 
The colonies had increased in size 
and number to the extent that it is 
reasonable to assume the species is 
now, or soon will become, a part of 
the established flora of Illinois. 

Lactuca pulchella (Pursh) DC. is 
also a rare plant in Illinois, and also, 
seemingly, of uncertain status. This 
blue-flowered lettuce is generally 
less than one meter high, prefers ex¬ 
posed situations, at least in Henry 
County, and has a pale or glaucous 
appearance, by which it is distin¬ 
guished from the other blue-flowered 
species of Lactuca in the state. It is 
native in California where it occurs 
in montane valleys of the Sierra 
Nevada up to at least the 6,000-foot 
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level, and also in Utah and Nevada 
where it is found in the moist ra¬ 
vines and meadows of the pinyon, 
artemisia, and yellow pine belts. 
Deam does not report it for Indiana. 
In Illinois it lias been collected by 
Umbach in or near Naperville, and 
there are one or two other reports of 
its occurrence in this state. On July 
17, 1945 a large colony of it was 
found in waste ground along rail¬ 
road tracks about one mile west of 
Alpha, in southwest Henry County. 
It has spread eastward as far as 
Maine, but from all reports, mostly 
along railroad tracks. More time 
will be required to determine its 
status in this state. 

Froelichia gracilis (Hook.) Moq. 
seems to be another plant of uncer¬ 
tain status in Illinois. Inasmuch as 
the stem of this plant is often much 
divided near the base with many 
jmostrate branches, it is easily dis¬ 
tinguished in the field from the only 
other Illinois plant of the genus, 
Froelichia floridana (Nutt.) Moq. 
var. campestris (Small) Fern. 
(Froelichia ca m p est r is' Small). 
From the paucity of occurrence rec¬ 
ords, the assumption has probably 
been rather general among Illinois 
botanists that the plant is rare in 
this state. My first specimens were 
found near Cambridge, July 18, 
1938. Since that time it has been 
found near Geneseo, Atkinson, 
Orion, Alpha, and the village of 
Green River, always on railroad bal¬ 
last, however, which might carry the 
presumption that the plant is not 
established. On September 9, 1945, 
however, a sizable colony was found 
in a dry rather sandy upland pas¬ 
ture field quite some distance from 
highway or railroad, and inasmuch 
as the first colony found near Cam¬ 
bridge is still persisting, the evi¬ 
dence suggests the probability that 
the species is now, or soon will be¬ 
come, established in Illinois. 

Erysimum inconspicuum (Wats.) 
MacM. (Erysimum parviflorum 
Nutt, of Gray, Man., ed. 7), and dis¬ 
tinguished in the field by its fine can- 
escence and strongly ascending to 
nearly erect pods, is another rare 
plant in Illinois. It is native in the 
states of Utah and Nevada where it 
occurs in the valleys, and ascends 
the mountains to at least the level 
of the spruce belt. It has also spread 
eastward to eastern Canada and 
New England, but from all reports, 
always on railroad ballast. Deam 
cites two Indiana stations for it, also 
on railroad ballast. On July 24, 
1945, a small colony of it was found 
on the cinders of a railroad siding 
at the east edge of Geneseo, where it 
undoubtedly is a plant of very re¬ 
cent introduction. It apparently is 
not established in Illinois, and from 
the evidence at hand, will not be for 
some time, if ever. 

Another plant apparently of very 
recent introduction in Illinois is 
Heterotheca subaxillaris (Lam.) 
Britton & Rusby. This species much 
resembles Clirysopsis villosa (Pursh) 
Nutt., a psammopliilous plant of 
rather frequent occurrence in Henry 
County, but may be distinguished 
from it by the achenes of the ray 
and disk flowers, which are quite 
markedly dissimilar. It is nearly 
ubiquitous in the southern states and 
Mexico, and is spreading northward. 
On September 17, 1944, a few plants 
were found along railroad tracks 
near the village of Green River, and 
they were still persisting at the time 
of my last revisit which was on Sep¬ 
tember 9, 1945. Although the region 
has been botanized rather frequent¬ 
ly, no specimens were seen prior to 
the above dates. Deam does not re¬ 
port it for Indiana, and the writer 
has never heard of its occurrence 
elsewhere in Illinois. More time will 
be required to determine its exact 
status in Illinois. 
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On July 1, 1945, in dense wood¬ 
lands near the western limits of 
Henry County, the writer found a 
large colony of what appeared to be 
Fedicularis canadensis L. However, 
because the colony was so dense, a 
further investigation was made. 
When the roots were examined, 
many horizontal basal offshoots were 
found, some of them distinctly re¬ 
pent. Inasmuch as I had never seen 
such root structure in typical Fedi¬ 
cularis canadensis, the specimens 
were sent to Dr. M. L. Fernald, di¬ 
rector of the Gray Herbarium. He 
recognized the root variation as of 
varietal significance, and the new 
plant was dedicated to the writer 
with the name of Pedicularis cana¬ 
densis L. var. Dobbsii Fern. (For a 
full description of the plant, with 
two plates, see Rhodora 48: 59-60. 

1946.) 

Just why Lycopus asper Greene 
should be so rare in Illinois is not 
at the moment clear. It is undoubt¬ 
edly a native plant in this state, and 
with its pubescence of flat, multicel¬ 
lular hairs and rather short inter¬ 
nodes, these often less than 2 cm. 
long, it is easily distinguished in the 
field from all other species of Illinois 
Lycopus. On July 27, 1945, in Ed- 
ford Township, a few flowering 
plants were found on the low moist 
rather open margin of an old pond 
about % mile west of Illinois-Missis- 
sippi Canal Lock No. 25. The station 
was revisited two days later, and 

many more plants were found. Deam 
does not report it for Indiana, and 
Stony Island in or near Chicago is 
the only other station of record for 
its occurrence in Illinois which has 
come to the writer’s attention. 

The Russian-olive, Elaeagnus au¬ 
gust if olia L., a native of southern 
Europe and Asia and which has be¬ 
come established along canals in 
Nevada, should scarcely be looked 
for in Illinois, but on June 16, 1945 
a single tree was found on a rather 
high embankment of the Geneseo 
Creek, just to the south of Geneseo. 
It is distinguished from other Illi¬ 
nois trees by its striking silvery ap¬ 
pearance, together with its alternate 
leaves and the four stamens of the 
flower. A day or two prior to the 
above date, the species was found 
on a nearby shoulder of U. S. Route 
6, where it was probably planted by 
the state highway department. It is 
reasonable to assume the species may 
increase in abundance, and may pos¬ 
sibly become established in the state. 
Furthermore, in my opinion, the 
planting of trees and shrubs along 
Illinois highways is going to play an 
increasingly important part in the 
distribution of plant life in the state, 
and must be considered when un¬ 
usual plants are found. The writer 
has secured from the Henry County 
superintendent of highways a list of 
such species being planted along 
county aid roads, which list should 
help in an intelligent appraisal of 
this interesting situation. 
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SILOAM SPRINGS STATE PARK1 

ROBERT EVERS2 and C. CLAYTON HOFF- 

Quincy, Illinois 

The recently created Siloam 
Springs State Park is of general in¬ 
terest to residents of Illinois and of 
special interest to people residing in 
the west central part of the State. 
As few people are acquainted with 
the park or, indeed, are even aware 
that the park exists, the writers have 
assumed the responsibility of direct¬ 
ing attention to some of the more in¬ 
teresting aspects of the park, its his¬ 
tory, and its present condition. 

Siloam Springs State Park is lo¬ 
cated in the southwest part of 
Brown County and the eastern part 
of Adams County, with approxi¬ 
mately one-lialf of the park in each 
county. The park may be reached 
by automobile from U. S. Route 24, 
leaving the route in the vicinity of 
Clayton and traveling nearly 12 
miles south. It may also be reached 
over a road about six miles long 
from State Route 104, turning off 
the route between Liberty and 
Chambersburg. The local roads are 
not greatly improved at present and 
some difficulty may be experienced 
during very wet weather. In the 
summer and early fall, however, the 
dirt and gravel roads are fairly 
good. 

HISTORY 

The Siloam Springs area has long 
been used for recreational purposes, 
being very popular between 1880 
and 1900, but gradually declining in 

popularity during the more recent 
years. The early records relative to 
the park area are concerned chiefly 
with the curative nature of the water 
from the springs. According to a 
newspaper article (Quincy Daily 
Whig, May 28, 1882), the people of 
Siloam Springs reported the water 
helpful in the treatment and mitiga¬ 
tion of a number of diseases. The 
water was reported to have cured 
several individuals of such diseases 
as cancer and kidney trouble. These 
reports in part may have been pro¬ 
moted by a business venture since, 
in 1880, the property in the region 
of Siloam Springs was purchased by 
Mr. Quincy Burgesser, who in 1881 
began to develop the area for recrea¬ 
tion and in 1882 began to build a 
hotel. Requests for reservations at 
the hotel were so numerous that it 
was decided, after construction had 
already been started, to increase the 
size of the hotel far beyond the origi¬ 
nal plans. This caused some delay 
and the hotel did not open until 
1884. 

The immediate popularity of the 
hotel and resort is indicated by 
newspaper articles in later issues of 
the Quincy Herald Whig. Accord¬ 
ing to the register of the Forest 
Hotel, the early visitors included 
Phil Armour, founder of the 
Armour Packing Company, who was 
registered on June 28, 1887; C. E. 
and A. G. Ringling of circus fame, 

The writers wish to thank Mrs. H. Swope of the Quincy Herald Whig for making available 
newspaper articles relative to Siloam Springs State Park. The writers also wish to express their 
gratitude to Mr. William F. Gibbs, Representative to the General Assembly, for information, including 
a man. concerning the size and location of the park. 

2 Quincy High School to September 28, 1946. Now Assistant Botanist, Illinois State Natural History 
Survey, Urbana, Ill. 

* Q«incy College to June 1, 1946. Now Professor of Zoologv, Colorado Agric. and Mech. College, 
Ft. Collins. Colo. 
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who were guests beginning October 
23, 1887; and P. T. Barnum, also of 
circus fame, who visited the hotel 
on July 28, 1888. After this time, 
the popularity of the hotel gradually 
declined, perhaps as a result of 
several changes in management. 

The history of the plan to create 
a park and public recreation area at 
Siloam Springs begins perhaps in 
1935, when the Siloam Recreation 
Club was founded and incorporated 
for the purpose of building a club 
house and improving the grounds, 
and in addition, for the purpose of 
interesting state and federal bureaus 
in fostering a park or game refuge 
in the area. On Sunday, August 29, 
1937, newspaper accounts (Quincy 
Herald Whig) indicated that the 
Recreation Club had succeeded in 
renovating the hotel, purchasing 
playground equipment, and gener¬ 
ally improving the area for recrea¬ 
tion purposes. On the same date, a 
gravel road to the springs was dedi¬ 
cated. In the years immediately fol¬ 
lowing 1935, the club grounds were 
leased by the day to such organiza¬ 
tions as churches, the Y. M. C. A., 
and the Boy Scouts. 

The park area remained in private 
hands for a few years until, in 1940, 
an agreement was reached with the 
State of Illinois to create a state 
park. Citizens of the City of 
Quincy, as well as local residents of 
Brown and Adams Counties, raised 
money to match state funds for the 
purchase of the necessary land. At 
the present time, more than one-half 
of the proposed 3472 acres has been 
acquired and additional land is be¬ 
ing secured as rapidly as conditions 
permit. 

As land is at present still being 
purchased, little work has been done 
towards improvement of the park. 
The old hotel was sold at auction in 
November 1943, to a private individ¬ 
ual, who tore down the structure to 

secure the building materials. Plans 
have been made to build better roads 
to the area, with one road entering 
from the west, one from the east, 
and one from the north. In some 
instances, this means only the im¬ 
provement of existing roads rather 
than the development of new roads. 
Included in the present plans for the 
park is the development of an artifi¬ 
cial lake, to be made by damming the 
waters of Crabapple Creek, a branch 
of McKee Creek which flows along 
the south border of the park. This 
dam will be located in the western 
one-third of the park and will fur¬ 
nish a fairly extensive water area 
for recreational purposes. 

NATURAL HISTORY 

The Siloam Springs area is well 
suited for a park. Topographically, 
the land is rough, being cut in many 
places by series of gullies or ravines, 
many of which are more than 100 
feet deep. These ravines are so ex¬ 
tensive that few areas of the park 
are level. The rough topography of 
the park is associated with McKee 
Creek and its tributaries, the ravines 
having been cut by water flowing over 
the easily eroded Illinoian glacial 
drift. In the lower portions of the 
ravines and along McKee Creek and 
its large tributaries, the erosion lias 
exposed the Pennsylvanian and Mis- 
sissipian rocks. 

Associated with this topography, 
as is usually the condition in central 
and western Illinois, is the deciduous 
forest, which covers the immediate 
vicinity about Siloam Springs. The 
forest belongs to the oak-hickorv 
association and appears to be near 
the margin of this association, since 
the prairie is extensive in northern 
Brown and northeastern Adams 
counties. 

Although the entire park area was 
originally forested, the trees were 
early removed from areas that could 
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Fig. 3—The larger spring house at Siloam Springs. 

be cultivated and used for farming. 
The level bluff tops especially have 
been cleared. The deep ravines and 
gullies, on the other hand, as well as 
some of the hillsides were not suited 
for farming, and as a result, the 
original biota has been less disturbed. 
The entire area, however, has under¬ 
gone considerable and serious change 
from the original condition. From 
the general nature of the vegetation, 
it is apparent that many of the trees 
were cut from the ravines and that 
the ravines were used as pasture. 
The pasturing of the land, logging 
operations, and farming have no 
doubt hastened erosion in this area 
and made the topography more 
rough. 

PRESENT FLORA OF SILOAM SPRINGS 

Although the Siloam Springs 
State Park is a part of the oak-hick¬ 

ory association of the deciduous 
forest, there has been sufficient inter¬ 
ference with and disturbance of 
natural conditions to make profitable 
a few notes on the present conditions 
of the biota. The most seriously 
altered areas are to be found on the 
bluff tops, where there are a few 
more or less level areas. Here the 
trees were removed so that the land 
might be tilled. Most of these up¬ 
land fields now have been out of 
cultivation for one or more years. In 
some of these fields may be found, as 
the first stage in serai succession, 
dense and almost pure stands of 
goldenrod (Solidago) and asters 
(Aster). In fields that have remain¬ 
ed idle for a longer period of time, 
there may be found various grasses, 
and in some places such shrubs as 
smooth sumac (Rhus glabra L.). 
These plants appear to become es- 
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Fig. 4.—View of a typical ravine at Siloam Springs. 
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tablislied very soon after the land is 
no longer cultivated. In the mar¬ 
ginal zone between the idle fields and 
the wooded areas may be found, in 
addition to the smooth sumac, such 
shrubs as the prairie willow (Salix 
humilis Marsh.) and the fragrant 
sumac (Rhus aromatica Ait.) and 
small trees and sapplings of sassa¬ 
fras and hickory. Also in this mar¬ 
ginal zone, Indian grass (S or glia- 
strum nutans (L.) Nash.) and the 
bluestem (Andropogon furcatus 
Muhl.) are somewhat abundant. 

The climax upland woods is com¬ 
posed predominantly of the shag- 
bark hickory {Carya ovata (Mill.) 
K. Koch), the white oak (Quercus 
alba L.), and the red oak (Q. bore¬ 
alis Miclix. f.), along with scattered 
sassafras {Sassaf ras albidum (Nutt.) 
Nees.), ironwood or hop-hornbeam 
{Ostrya virginiana (Mill.)K. Koch), 
and numerous seedlings of the rock 
maple {Acer saccharum Marsh.). In 
the Adams County area, the post oak 
{Quercus stellata Wangh.) is abun¬ 
dant in the upland woods. The 
shrubs in this habitat are the rose 
{Rosa Carolina L.), the fragrant 
sumac, the smooth sumac, and the 
gooseberry {R ib e s missouriense 
Nutt.). In the herb layer of the 
climax forest is found the blue-eyed 
grass (Sisyrinchium albidum Raf.) 
as well as the gromwell {Lithosper- 
mum canescens (Michx.) Lehm). 

The dominant trees of the upper 
part of the ravines are similar to 
those of the upland climax forest. 
Here are found abundantly the red 
oak, the white oak, the black oak 
{Quercus velutina Lam.), and the 
shagbark hickory. Scattered in 
some areas are found the flowering 
dogwood {Cornus florida L.). On 
the side of one ravine not far below 
the upland forest was found a some¬ 
what extensive area covered with 
the liop-hornbeam. That this partic¬ 

ular area had been cleared is indi¬ 
cated by the great number of old 
stumps. At present, the hop-horn- 
beam appears to be the dominant 
woody plant in this local area and 
probably is important in succession. 

Of considerable more botanical in¬ 
terest than the upland forest and 
the flora of the upper parts of the 
ravines, is the plant life of the bot¬ 
tom and lower sides of the ravines. 
Here is an area of fairly dense 
shade, high humidity, and consider¬ 
able soil moisture. Such areas are 
well adapted to the growth of ferns, 
especially brittle fern {Cystopteris 
fragilis (L.) Benth.), the Christmas 
fern {Polystichum acrostichoides 
(Michx.) Schott.), and the maiden¬ 
hair {Acliantum pedatum L.). The 
last is found in the bluff woods 
through the entire park area. The 
silvery spleenwort {Diplazium ac¬ 
rostichoides (Sw.) Butters) is rela¬ 
tively abundant and in the summer 
months attracts attention when its 
silvery fronds wave in the breeze. 
The purple trillium {Trillium re- 
curvatum Beck), the bloodroot 
{Sanguinaria canadensis L.), the 
mayapple {Podophyllum peltatum 
L.), the liverleaf {Hepatica acuti- 
loba DC), and the spring beauty 
{Claytonia virginica L.) are com¬ 
mon as are the rue anemone {Ane- 
monella thalictroides (L.) Spach.) 
and the strawberry {Fragaria vir¬ 
giniana Duch.). The bird-foot 
violet {Viola pedata L.) is also 
abundant, occurring in extensive 
and nearly pure stands towards the 
upper margin of some of the ravines. 
In one location east of the spring 
house in the old village of Siloam, 
the bird-foot violet was found to 
cover approximately two thousand 
square feet with an average of forty 
blooms per each square foot in this 
almost pure stand. This violet is 
commonly associated with abundant 
growth of mosses, especially the 
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hairy cap moss (Polytrichum com¬ 
mune L.). 

At the base of the bluffs and near 
the bottoms of the ravines, especially 
where the ravines open onto the flood 
plains, may be found other plants 
not mentioned as typical of the 
higher parts of the ravine sides. 
These plants include the white elm 
(Ulmus americana L.), the buckeye 
(Aesculus glabra Willd.), the syca¬ 
more (Platanus occidentals L.), and 
the black willow (Salix nigra 
Marsh.). In these lower parts of the 
ravines, the elderberry (Sambucus 
canadensis L.) and the burning bush 
(Euonymous atropurpurea Jacq.) 
are common shrubs. At lower levels, 
along the streams and in the flood 
plains may be found still other 
plants. Among these is the closed 
gentian (Gentiana andrewsii Gri- 
seb.). A few specimens of this spe¬ 
cies were found in bloom along the 
Siloam branch (in Brown County) 
of McKee Creek during September. 

Other local areas and associations 
are also of interest. For instance, 
the cliff brake (Pellaea glabella 
Mett.) was collected from the rocks 
at the location of the proposed lake. 
Unfortunately, time did not permit 
a thorough study of the plants of the 
rock outcrops, the most extensive of 
which are along McKee Creek and 
its tributary Crabapple Creek in 
Adams County. Further collection 
is planned in order to secure more 
information on the flora of this habi¬ 
tat, especially in the area that will 
be inundated by the proposed lake. 

Besides being of interest as far as 
the higher plants are concerned, the 
park site should be of interest to 

students of the lower plants. In the 
ravines on decaying logs and tree 
stumps are found many kinds of 
Myxomycetes and fleshy fungi. 
Mosses are abundant, and the inter¬ 
ested student of bryology should 
profit much by exploring the Siloam 
Springs Park area. 

Specimens of most of the plants 
mentioned as occurring in Siloam 
Springs State Park are to be placed 
in the herbarium of the Department 
of Botany of the University of Illi¬ 
nois and also in the herbarium of the 
Illinois State Natural History Sur¬ 
vey. 

CONCLUSION 

As a fitting conclusion, it seems 
not at all out of place to suggest the 
complete preservation of certain 
local areas within the park. As al¬ 
ready mentioned, the semi-level up¬ 
lands have been so much altered that 
the original biota has been complete¬ 
ly destroyed. Little can be done to 
restore these formerly tilled areas to 
the primitive condition. On the 
other hand, the deeper ravines, gul¬ 
lies, and some of the hillsides still 
contain remnants of the original 
fauna and flora. These areas, pro¬ 
vided meddling improvement is pro¬ 
hibited, may long serve as an indica¬ 
tion of the original biotic conditions 
To preserve these areas, the trees 
and gross vegetation must be left un¬ 
disturbed and the areas must no 
longer be used as pasture for live¬ 
stock. With suitable care, many of 
the smaller and less disturbed local 
areas of the park may be adequately 
conserved for the future use and en¬ 
joyment of biologists, naturalists, 
and nature lovers. 
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UTILIZATION OF VARIOUS CARBOHYDRATES BY 
STREPTOMYCES GRISEUS FOR PRODUCTION OF 

STREPTOMYCIN AND GROWTH 
C. V. HUBBARD and H. H. THORNBERRY 

University of Illinois, Urbana, Illinois 

The development of a chemically 
defined medium (4, 5) for growth 
and production of streptomycin by 
Streptomyces griseus, (Krainsky) 
Waksman and Henrici, 1943, pro¬ 
vides accurate methods for nutri¬ 
tional studies with this microorgan¬ 
ism. This synthetic medium, consist¬ 
ing of simple organic and inorganic 
chemicals furnishes critical tests for 
the utilization of other substance 
when substituted for various constit¬ 
uents because the nutritional fac¬ 
tors are controlled and also because 
in the absence of any constituent 
growth is greatly diminished and 
streptomycin production is reduced 
or lacking. With these exact meth¬ 
ods available, the utilization of vari¬ 
ous carbohydrates by 8. griseus was 
studied by substituting these for 
glucose of the original medium. The 
results of this study and a descrip¬ 
tion of materials, methods, and ex¬ 
periments are reported herein. 

METHODS* AND MATERIALS 

The culture of 8. griseus used 
throughout these studies was secured 
from Waksman (6) and is his strain 
number 9 from No. 18-16 originally 
obtained, from heavily manured field 
soil (3,7). 

Streptomycin was estimated by 
the paper disc-plate assay method 
(2) against Bacillus suhtilis in Bac- 
to-Streptothricin Assay Agar and 
reported as units per ml. (2). 

H-ion concentrations were deter¬ 
mined electrometrically with a Beck¬ 
man pH meter. 

Growth of the microorganism was 
determined by weighing the vacuum 
dried mycelial mat that developed 
on the surface of the liquid medium. 

Growth conditions were provided 
by an air-conditioned culture room 
in which the air was exchanged and 
the temperature and humidity were 
automatically controlled at 26°C. 
and 40 percent relative humidity 
(dry bulb 78-79°F. and wet bulb 
60-65°F.). The cultures were grown 
for ten days in 125 mis. Erlenmeyer 
Pyrex flasks containing 50 mis. of 
medium which-was 2 cm. deep with 
an air surface of 0.66 cm2 per ml. of 
liquid. 

Inoculum for seeding the media 
was obtained by growing the fungus 
for 7-10 days on 200 ml. of beef-ex¬ 
tract liquid medium in rectangular, 
two-quart milk bottles laid horizon¬ 
tally (air or mat surface of 192 cm2 
per bottle). Inoculum on this me¬ 
dium was utilized to prevent any 
selective adaptation of the fungus to 
the special medium through repeat¬ 
ed transfers. The mat, consisting of 
spores and mycelium, was added to 
sterile distilled water (one mat per 
100 ml.) and thoroughly broken up 
by means of a Waring blender op¬ 
erated at high speed for 10 seconds. 
A small amount (4 to 5 drops) of 
this inoculum was introduced asepti- 
cally into each flask of medium. To 
avoid submergence of spores the in¬ 
oculum was applied to the glass sur¬ 
face of tilted flasks just above the 
medium. This permitted the spores 

The methods are similar to those used in developing the synthetic medium (4, 5). 
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EXPERIMENTS AND RESULTS 

To determine what carbohydrates ! 
were utilized by Streptomyces gri- 
seus, experiments were designed to 1 
substitute each of the carbohydrates 
for glucose in the synthetic medium 
prior to sterilization at 15 lbs. pres¬ 
sure for 20 minutes. With the ex¬ 
periments in six replications a total 
of 300 ml. of medium was used with 
each carbohydrate and this was di¬ 
vided accurately into 50 ml. por¬ 
tions. (Approximately 0.1 percent 
of powdered calcium carbonate was 
added to three of each series. As 
there was but little effect upon 
growth and streptomycin produc¬ 
tion, the results of the two series 
were combined). Monosaccharides 
were added in 0.05 molar concentra¬ 
tions and polysaccharides were used 
in 0.025 molar concentrations. Those 

Table 1.—The Effect of Carbohydrates in a Synthetic Medium ox Growth, 

Production of Streptomycin and Changes in H-ion Concentration by 

Streptomyces Griseus in Surface Culture 

Carbohydrate Concentration 
Units of 

Streptomycin per ml. 
Weight of 

Mat. per 300 ml. 

1 

pH 

1-Arabinose. 0.05 M. 0 188.9 7.86 
1-Xylose. 0.05 M. 15.1 701.5 7.04 
Rhamnose. 0.05 M. 11.1 448.5 7.52 
d-Mannose. 0.05 M. 42.3 624.6 7.50 
d-Galactose. 0.05 M. 34.6 724.0 7.32 
Maltose. 0.025M. 62.3 645.1 7.28 
Lactose. 0.025M. 11.1 363.5 8.14 
Cellibiose. 0.025M. 41.5 512.1 7.41 
Melibiose. 0.025M. 10.5 269.6 8.34 
Trehalose. 0.025M. 11.8 443.8 7.96 
Raffinose. 0.025M. 10.7 337.8 8.27 
Melezitose. 0.025M. 9.7 330.4 8.38 
Mannitol. 0.05 M. 42.2 452.6 7.83 
Dulcitol. 0.020M. 9.1 192.0 8.35 
Dextrin. 0.5% 26.1 423.6 7.76 
Dextrin. 1.0% 40.5 641.3 7.04 
Inulin. 0.5% 13.8 130.4 8.27 
Inulin. 1.0% 18.7 91.9 8.31 
Glycogen. 0.5% 18.0 129.3 7.66 
Glycogen. 1.0% 25.35 145.4 7.23 
Salicin. 0.5% 10.3 8.08 
Salicin. 1 0% 8.0 8.11 
Gum acacia. 0.5% 13.8 285.9 8.19 
Gum acacia. 1-0% 12.8 230.4 8.19 
None. 10.3 241.6 

1 
8.19 

to remain on the surface of the 
liquid, a condition which is appar¬ 
ently necessary for growth. There¬ 
after, the inoculated flasks were sta¬ 
tionary until the medium was as¬ 
sayed for streptomycin. 

The basal synthetic medium (4, 5) 
was as follows: KH2P04 2.38g; 
KoHP04 . 3Ho0 5.65g; mg. S04. 
7H..0 l.Og; ZnS04.7H,0 0.0115g; 
FeSCh . 7HX> O.Olllg; CuS04 
0.0064g; MnCl . 4H20 0.0070g; 
and amonium lactate 5.4g. per 1000 
mis. of distilled water. The H-ion 
concentration was pH 6.95. 

The carbohydrates used were: 
1-arabinose, 1-xylose, rhamnose, d- 
mannose, d-galactose, maltose, lac¬ 
tose, callibiose, melibiose, trehalose, 
raffinose, melezitose, mannitol, dulci- 
tol, dextrin, inulin, glycogen, salicin 
and gum acacia. 
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compounds of which the molecular 
weights were not known were added 
in both 0.5 percent and 1.0 percent 
concentrations. At the end of the 
10-day growth period the streptomy¬ 
cin was assayed and H-ion concen¬ 
tration was determined in the me¬ 
dium of individual flasks. The 
amount of growth was determined 
by the dry weight of the six com¬ 
bined mycelial mats. The results of 
this preliminary survey given in 
Table 1 (average of six flasks) show 
that d-mannose, d-galactose, maltose, 

cellibiose, mannitol and dextrin sup¬ 
ported good growth of the organism 
as well as good production of strep¬ 
tomycin. 1 - Arabinose, 1 - xylose, 
rhamnose, lactose, melibiose, treha¬ 
lose, raffinose, melezitose, dulcitol, 
inulin, glycogen, salicin and gum 
accacia gave little if any increase in 
growth or steptomycin production. 

Since our interest was chiefly in 
streptomycin production, only those 
compounds giving relatively good 
production were selected for further 
study. These were: d-mannose, d- 

Table 2.—The Relationship of Carbohydrate Concentration in a Synthetic 

Medium to Growth, Production of Streptomycin, and Changes in 

Concentration by Streptomyces Griseus in Surface Culture 

Carbohydrate Concentration 
Units of 

Streptomycin per ml. 
Weight of 

Mat. per 300 ml. pH 

d-Mannose. 0.01 M. 23 390.2 8.10 

0.03 M. 68 464.2 7.95 

0.05 M. 101 699.4 7.74 

0.08 M. 99 780.2 7.45 

0.10 M. 82 924.2 7.35 

d-Galactose. 0.01 M. 22 323.2 8.10 

0.03 M. 42 503.2 7.93 

0.05 M. 49 653.5 7.85 

0.08 M. 59 788.1 7.60 

0.10 M. 63 927.4 7.40 

Maltose. 0.01 M. 18 407.3 8.06 

0.03 M. 62 781.9 7.83 

0.05 M. 106 1,083.5 7.37 

0.08 M. 86 1,476.8 6.84 

0.10 M. 68 1,615.0 6.54 

C ellibiose. 0.01 M. 59 603.6 7.67 

0.03 M. 112 800.8 7.60 

0.05 M. 79 1,100.9 6.92 

Mannitol. 0.01 M. 22 332.4 8.06 

0.03 M. 57 631.9 7.78 

0.05 M. 101 802.5 7.49 

0.08 M. 50 895.0 6.52 

0.10 M. 69 1,319.6 6.72 

Dextrin. 0.5% 31 593.7 7.72 

1.0% 73 952.4 7.19 

2.0% 66 1,356.6 6.39 

3.0% 24 1,406.1 5.82 

4.0% 17 1,280.7 5.97 

None. 18 160.5 8.12 
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galactose, maltose, cellibiose, manni¬ 
tol and dextrin. To determine the 
optimal concentrations for produc¬ 
tion of streptomycin and growth 
dextrin was employed at 0.5, 1.0, 2.0, 
3.0 and 4.0 percent concentrations, 
and the others were all used at 0.01, 
0.03, 0.05, 0.08 and 0.10 molar con¬ 
centrations. Three hundred mis. of 
medium equally divided into six 
flasks were used at each concentra¬ 
tion. At the end of the 10-day 
growth period streptomycin was as¬ 
sayed and the weight of mycelial 
mat and the H-ion concentrations 
were determined. These results are 
shown in Table 2. 

DISCUSSION 

It is evident from the results of 
tiie first part of the studies shown in 
Table 1 that some carbohydrates 
may be substituted for glucose in 
this medium and that they give good 
production of streptomycin and 
growth, but that others are not util¬ 
ized by the organism. 

The relationship of streptomycin 
production to concentration of cer¬ 
tain carbohydrates is illustrated 
graphically: figure 1, d-mannose; 
figure 2, d-galactose; figure 3, mal¬ 
tose ; figure 4, cellibiose; figure 5, 
mannitol; figure 6, dextrin. With 
mannose the peak of streptomycin 
production as shown by the curve 
occurred at a concentration some- 
wdiere between 0.05M and 0.08M. 
Using d-galactose as the carbohy¬ 
drate, streptomycin production 
steadily increased with the concen¬ 
tration of galactose up to the highest 
concentration used (0.1M). Whether 
production would have continued to 
increase to even higher levels before 
it started to decrease with increasing 
concentrations of sugar was not indi¬ 
cated. Maltose gave a peak produc¬ 
tion at a concentration near 0.05M, 
and at higher concentrations the 
amount of streptomycin decreased. 
With cellibiose maximum produc¬ 
tion of streptomycin occurred at 
0.03M concentration, which is about 

0.1 0.08 0.05 0.03 0.01 0.0 

d-Mannose - Molar Concentrations in Synthetic Mediurr 

Fig. 1.—Relation between Streptomycin production in units per 
ml. and molar concentrations of d-mannose. 
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d-Galactose - Molar Concentrations in Synthetic Medium 

Fig. 2.—Relation between Streptomycin production in units per 
and molar concentrations of d-galactose. 

Fig. 3.—Relation between Streptomycin production in units per 
ml. and molar concentrations of maltose. 
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Fig. 4.—Relation between Streptomycin production in units per 
ml. and molar concentrations of cellibiose. 

Mannitol - Molar Concentrations in Synthetic Medium 

Fig. 5.—Relation between Streptomycin production in units per 
ml. and molar concentrations of mannitol. (.08 and .1 molar values 
were probably reversed by error in numbering). 
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Fig. 6.—Relation between Streptomycin production in units per 
ml. and percentage concentrations of dextrin. 

one-half the concentration (0.05M) 
of the more favorable monosacchar¬ 
ides necessary for the peak. It is 
interesting- that the peak in produc¬ 
tion for maltose and the monosac¬ 
charides occurred at the same con¬ 
centrations, but about twice the con¬ 
centration of cellibiose necessary for 
the peak production of streptomj^- 
cin. Since maltose and cellibiose are 
similar except for the alpha and 
beta linkag-e respectively between 
the two glucose units, the results 
suggest that the organism does not 
break the alpha linkage, but utilizes 
the maltose through direct fermen¬ 
tation as mentioned by Leibowitz 
and Hestrin (1). With cellibiose 
the organism apparently is able to 
break the beta linkage to form two 
molecules of glucose, and thus would 
need a concentration only half that 
of maltose for maximum production. 
Mannitol gave a peak production of 
streptomycin at a concentration be¬ 
tween one and two percent. 

The relationship between growth 
and production of streptomycin at 
various concentrations is similar 

with all the carbohydrates studied. 
The peak for streptomycin was 
reached at a concentration from 
0.03M to 0.05M, but the weight of 
the mycelial mat continued to in¬ 
crease up to the highest concentra¬ 
tions used in the experiments. Dex¬ 
trin is an exception to this in that 
maximum growth was obtained at 
concentration of 3.0 percent and de¬ 
creased at a higher concentration. 
Figure 7 illustrates graphically the 
relationship between streptomycin 
units per ml., weight of mycelial mat 
and pH at the concentrations of mal¬ 
tose used. The streptomycin units per 
ml. rise rather sharply to a maxi¬ 
mum of 106 at 0.05M concentration 
and gradually decrease to a value 
of 68 at a concentration of 0.1M. The 
weight of mycelial mat increases 
steadily with increased concentra¬ 
tions of sugar. The weight of myce¬ 
lial mat was greatest (1,615 mg.) 
at 0.1M maltose and probably would 
have continued to rise at higher con¬ 
centrations. 

In all cases with good production 
of streptomycin there was a white, 
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Fig. 7.—Relation of Streptomycin production in units per ml., 
weight of mycelial mat, and pH, to molar concentration of maltose. 

cottony aerial growth. At higher 
concentrations of dextrin the organ¬ 
ism produced a waxy growth that 
had a tendency to submerge. 

SUMMARY 

1. Streptomyces griseus in a 
chemically defined basal medium 
utilized d-mannose, d-galactose, mal¬ 
tose, cellibiose, mannitol, and dex¬ 
trin for production of streptomycin 
and growth. 

2. It does not utilize 1-arabinose, 
1-xylose, rhamnose, lactose, meli- 

biose, trehalose, raffinose, melezitose, 
dulcitol, inulin, glycogen, salicin or 
gum acacia. 

3. The optimum concentrations 
for streptomycin production from 
the monosaccharides utilized and 
maltose appear to be between 0.05M 
and 0.08M. With cellibiose this op¬ 
timum concentration is near 0.03M. 

4. Maximum growth occurs at a 
higher concentration of carbohy¬ 
drate than the optimum concentra¬ 
tion for maximum production of 
streptomycin. 
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A KEY TO THE GENEKA OF COMMON WOODS 

ERNEST L. STOVER 

Eastern Illinois State Teachers College, Charleston 

The accompanying key for the 
identification of some of onr common 
commercial woods was constructed 
as a teaching device. This key uses 
all of the principal characteristics of 
non-porous, ring-porous, and diffuse- 
porous woods that the student needs 
to know to understand the structure 
of woods, and the sections necessary 
for observation and the identity of 
all the types of cells in their three 
dimensions. 

In the experience of the writer, 

a short key of this type is a useful 

tool because even beginning students 

with the help of the instructor can 

become acquainted with wood struc¬ 

ture, reasons for the ‘ ‘ grain ’ ’ of 

wood, and be able to readily identify 

several kinds of woods. Students 

who learn to use such a key can 

quickly learn to use the larger keys. 

1. 
1. 
2. 
2. 

3. 
3. 
4. 

4. 

5. 

5. 

6. 

6. 
7. 

7. 

8. 

8. 

9. 
9. 

10. 

10. 
11. 

11. 

Wood non-porous (no water tubes) . 2 
Wood porus (i.e., there are wrater tubes, tracheae). 9 
Resin ducts both horizontal and vertical in wood. 3 
No resin ducts (except wound ducts in tangential groups) but resin cells 
present in wood except in fir . 6 
Tracheids with spiral markings.Pseudotsuga (Douglas Fir) 
Tracheids without spirals or with only occasional spirals... 4 
Cells bordering resin ducts (epithelial cells) thick-walled; ray tracheid 
walls smooth; biseriate rays very sparse and scattered.......Picea (Spruce) 
Cells bordering resin ducts (epithelial cells) tearing easily, i. e., thin- 
walled . ^ 
Ray tracheids smooth-walled, 1 to 2 simple pits per cross-field. 
.Pinus (White Pine) 
Ray tracheids with rough or reticulate walls (dentate), 3 to 6 simple pits 
per cross-field .Pinus (Pitch, Long-leaf or Short-leaf Pine) 
No resin cells or ducts in wood (except occasional wound ducts that are 
widely separated and sporadic) .Abies (Balsam Fir) 
Resin cells in wood irregularly scattered. 7 
Wood aromatic and variegated in color; bordered pits in one row in 
tracheids (rarely in two rows); rays uniseriate and entirely of parenchyma 
..Juniperus (“Red Cedar”) 
Wood not aromatic, usually an even color; bordered pits commonly in two 
rows in radial walls of tracheids, especially in spring wood. 8 
Heartwood light red to deep cherry-brown; abundant resin cells; bordered 
pits in tracheids in one to three rows, commonly two; rays uniseriate with 
some partly biseriate .Sequoia (Redwood) 
Heartwood yellowish-brown to dark-brown to almost black; when rubbed, 
wood feels as if it had been impregnated with paraffin; resin cells abun¬ 
dant; bordered pits in tracheids in 1 to 4 rows, mostly 3. 
..Taxodium (Bald Cypress) 

Wood ring-porous . 16 
Wood diffuse-porous . 16 
Wood with irregular-shaped radial areas of wood parenchyma; tangential 
parenchyma uniseriate . H 
Wood without radial parenchyma but with tangential parenchyma. 13 
Both large and small xylem rays present, i. e., uniseriate and multiseriate 
rays present . 12 
Xylem rays all fine (uniseriate).Castanea (Chestnut) 
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12. Water tubes stuffed with tyloses.Quercus (White Oak) 
12. Water tubes with few or no tyloses.Quercus (Red Oak) 
13. Summer-wood with straight, fine tangential lines of zonate metatracheal 

parenchyma, i. e., parenchyma distinct from small water tubes. 14 
13. Summer-wood with wavy, continuous bands of parenchyma and small 

water tubes . 15 
14. Parenchyma lines continuous, distinctly metatracheal.Hicoria (Hickory) 
14. Parenchyma lines interrupted and partly paratracheal, i. e., partly asso¬ 

ciated with or adjacent to small water tubes.Fraxinus (Ash) 
15. Tyloses abundant in water tubes.Morus (Mulberry) 
15. No tyloses in water tubes .Ulmus (Elm) 
16. Wood rays (tangential section) mostly uniseriate. 17 
16. Some or all rays (tangential section) more than uniseriate. 18 
17. Wood rays homogeneous.Populus (Poplar) 
17. Wood rays heterogeneous .Salix (Willow) 
18. Rays of two distinct widths, 1 to 5 seriate and 15 to 25 seriate, homogeneous 
.Fagus (Beech) 

18. Rays 1 to 8 seriate . 19 
19. Perforation plates in water tubes scalariform. 20 
19. Perforation plates in water tubes simple. 22 
20. Small water tubes with spirals, rays 1 to 3 seriate (mostly 1 to 2), rays 

heterogeneous .Liquidambar (Red Gum) 
20. Small water tubes without spirals. 21 
21. Rays 1 to 5 seriate and homogeneous.Betula (Birch) 
21. Rays 1 to 5 seriate (mostly 2 to 3) and heterogeneous, growth ring ending 

with a light colored line of wood parenchyma.Liriodendron (Tulip Tree) 
22. Parenchyma abundant, terminal, metatracheal, zonate, and uniseriate; 

rays 1 and 1 to 6 seriate, mostly homogeneous, terminal line of parenchyma 
prominent.Tilia (Basswood or Linden) 

22. Parenchyma sparse, but terminal, paratracheal and metatracheal. 23 
23. Rays 1 to 6 seriate (mostly 3 to 4) and homogeneous to heterogeneous 
.Prunus (Cherry) 

23. (a) Rays 3 to 8 seriate (mostly 5 to 7) and 1 to 3 seriate (mostly 1), 
mostly homogeneous.Acer (Sugar Maple) 
(b) Rays 1 to 5 seriate, with few uniseriate rays, mostly homogeneous.. .. 
.Acer (Silver Maple) 
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SIMPLIFIED METHOD FOR MEASURING DISSOLVED 

OXYGEN IN STREAMS* 

CHARLOTTE E. WILCOX 

Illinois State Normal University, Noi'mal 

From the point of view of the bi¬ 
ologist, no one factor has more sig¬ 
nificance than the dissolved oxygen 
content of the body of water in which 
aquatic life is being studied. The 
dissolved oxygen content of such 
bodies of water is also a factor, in¬ 
dicative of the sanitary condition, 
to be taken into consideration by 
health authorities and directors of 
outdoor activities. The regular 
Winkler Method and other methods 
as given in Standard Methods for the 
Examination of Water and Sewage 
are not suitable for field work and 
involve laboratory resources and 
techniques not available to those 
most interested in stream conditions. 

A simple colorimetric method de¬ 
veloped by Dr. Issacs and modified 
by Dr. Gilcreas as reported in the 
Sewage Works Journal in May of 
1935 looked particularly promising. 
It seemed simple, on the face of it, 
for it took only small variations in 
the amount of oxygen to change the 

i color of the solution, and these colors 
i accordingly would be easy to match. 
Dr. Issacs’ method employs the use 
of amidol di-aminophenal hydro¬ 
chloride. 

Samples were taken and tested ac¬ 
cording to the method and an at- 

1 tempt was made to match them 
I against the standards, as proposed 
by Issacs and Gilcreas, but they were 
not of the shade of color and could 
not be accurately matched. The yel¬ 
low color appearing in the tests, 
which caused them to add potassium 
dichromate to the cobalt chloride to 

get the necessary shade of color, was 
totally lacking in the tests made by 
the writer. This necessitated find¬ 
ing out what was wrong with the 
tests of this experimental study or 
the tests made by Issacs and Gil¬ 
creas. In testing distilled water for 
oxygen, an absence of oxygen was 
expected. It was a surprise to find 
a }rellow color developing which gave 
the first clue to the origin of the color 
which Issacs and Gilcreas noted. 
Since it was known that the distilled 
water in the laboratory contained a 
trace of nitrites it occurred to the 
writer that the yellow of Issacs and 
Gilcreas’s tests arose as impurities 
in their distilled water, in their 
chemicals, or in the waters tested. 
To demonstrate this, nitrogen-free 
water was used, and it was discov¬ 
ered that by adding traces of sodium 
nitrite, the yellow color showed up 
immediately, while amounts of more 
than two parts per million gave an 
immediate wine-red color, a condi¬ 
tion known to Issacs and Gilcreas. 

Consequently by using chemically 
pure distilled water and analyzed 
chemicals of reagent grade, a set of 
standards was made, omitting the 
yellow-forming potassium dichro¬ 
mate, which would check with our 
test solutions. 

These standards were made by 
dissolving 238 grams of cobalt chlor¬ 
ide in 100 cc. of concentrated hydro¬ 
chloric acid. Enough water was 
added to make one liter and when 
this solution was diluted one half it 
was seen to match the fourteen parts 

* This study is an excerpt from a thesis, Rapid Methods For Health Teachers and Health Educators 
To Use For Spotting Stream Pollution, developed in the biological laboratories of Illinois State Normal 
University and submitted in partial fulfillment of the requirement for the degree Master of Science 
in Education. 
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per million (p.p.m.) of Standard II 
which Gilcreas developed in his set 
of standards. The comparison of 
the two was made by screening ont 
the yellow of Gilcreas7 Standard 
Ii. Then twenty cc. of this 14 
p.p.m. stock solution was taken as 
the constant amount of the cobalt 
chloride solution to be diluted in the 
making of other standards, express¬ 
ed in parts per million to be made. 
Standards were made up for 
y2 p.p.m. to 14 p.p.m. 

The formula used in making these 
dilutions was: 

Orig. vol. of standard 
p.p.m. 14-- 

Final vol. 
Orig. vol. 

p.p.m. = 14- 
X 

Key to formula: 
p.p.m. = the desired p.p.m. for the 

standard 
14 = the p.p.m. of the solution 

of cobalt chloride to be di¬ 
luted 

Original volume=a matter of choice 
and here 20 cc. was used 
for each standard of the set 

X = the final or total volume of 
the cobalt chloride solution 
plus the distilled water 
added 

Thus in finding the dilution for the 
p.p.m. standard the formula becomes: 

0.5 = 14 times 20 

X 

0.5X= 14 times 20 

0.5X= 280 
X—500 cc. of water and original 

solution. Thus 20 cc. of 
the original solution plus 
540 cc. of distilled water 
will make the total volume 
of 560 cc. of solution. 
When this solution is pour¬ 
ed into the standard bottle 
the pink of this solution 
represents y2 p.p.m., and a 
sample containing amidol 
or amidol and citrate if 
matching this pink cSn be 
said to contain y2 p.p.m. of 
dissolved oxygen. 

These color standards were carried 
into the field and found very con¬ 

venient for practical use. They were 
kept in a dark place and no color 
change was noticed during the pe¬ 
riod of months they were used. 

In making the actual oxygen tests 
quantities of amidol proportional to 
those of Issacs were used. Amidol 
weighing 0.176 grams was put into 
the 32.5 cc. square glass-stoppered 
color-standard bottle. Then the po¬ 
tassium citrate solution was made by 
dissolving 72 grams of citrate in dis¬ 
tilled water made up to 100 cc. This 
citrate solution was taken into the 
field in a bottle and when the test for 
dissolved oxygen was made 0.68 cc. 
of it was pipetted into the bottle con¬ 
taining the amidol and water sam¬ 
ple, after which the bottle was stop¬ 
pered so all the air was excluded. 
After one half hour this solution was 
matched against cobalt standard de¬ 
scribed instead of the Gilcreas and 
Issacs standards for reasons pre¬ 
viously explained. 

As mentioned, our first tests did 
not reveal any interference from 
small amounts of nitrites, but tests 
taken when the sewage treatment 
plant was operating improperly did 
show such interference. Conse¬ 
quently where interference is indi¬ 
cated, two methods were developed 
by which the oxygen test could be 
compared to the standards developed 
using cobalt chloride. The methods 
are based on the discovery that ni¬ 
trites give an immediate color reac¬ 
tion with amidol whereas dissolved 
oxygen gives a delayed color reac¬ 
tion. One method was developed by 
which oxygen tests with traces of 
nitrite present could be tested and 
the other method for samples con¬ 
taining more than 2 p.p.m. nitrites. 

PROCEDURE WITH TRACES OF NITRITE 

PRESENT 

Equipment: 
1. Put proper amount of amidol 

into color-standard bottle I. 
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2. Put proper amount of amidol 
into color-standard bottle II. 

3. One empty color-standard bot¬ 
tle III. 

4. One bottle IV for collecting 
water sample. 

Making the test: 
1. Put sample of water to be test¬ 

ed into amidol color-standard 
bottle I. Add citrate solution 
and stopper tightly. 

2. Collect sample of water tested 
in water-sample bottle IV. 

3. In one half hour fill empty 
color-standard bottle III with 
water from water sample bot¬ 
tle IV. 

4. At the same time fill amidol 
color-standard bottle II (no 
citrate) with water from sam¬ 
ple bottle IV, tightly stopper. 
(Step four is done at the same 
time as step three.) 

5. Immediately match amidol col¬ 
or-standard bottle I (set up 
one half hour previously) with 
the cobalt chloride standards. 
Eliminate the error caused by 
the yellow color of traces of 
nitrites by placing amidol col¬ 
or-standard bottle II (showing 
yellow color produced by 
traces of nitrites only) in front 
of the cobalt chloride color- 
standard bottle being matched; 
and by placing the color-stand¬ 
ard bottle III containing noth¬ 
ing but test water in front of 

amidol color-standard bottle 
I. A block comparator may be 
used for convenience. This 
modified procedure effectively 
eliminates errors introduced by 
the yellow color from traces of 
nitrites, which gave Issacs and 
Gilcreas so much concern. 

PROCEDURE WITH NITRITES OVER 

2 P.P.M. 

When more than 2 p.p.m. of 
nitrites are present the wine-red col¬ 
or which develops immediately is 
matched against the standards and 
this reading subtracted from the 
combined wine-red color of nitrite 
and dissolved oxygen developing one 
half hour later. 

Under our field conditions, over 2 
p.p.m. of nitrites did not occur ujd 
there was no necessity for using the 
second procedure just presented, but 
it has been given in case such amount 
might by rare chance be iound else¬ 
where. Both procedures were tested 
on samples in the laboratory and the 
procedure involving traces of nitrites 
was used successfully in the field. 

The factors which interfere with 
the accuracy of this method of test¬ 
ing dissolved oxygen are so few, and 
the amounts needed to interfere so 
high, and the elimination of these 
interfering factors so easy, that the 
method, in this respect, is well ahead 
of the standard but lengthy and 
complex Winkler procedures. 
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A METHOD OF COLLECTING OXYGEN FROM 
PHOTOSYNTHESIS 

WILLIAM M. BAILEY 

Southern Illinois Normal University, Carbonclale 

The author has used the following 
materials in this method of collecting 
oxygen from photos}mthesis: a glass 
boiling flask with a capacity of 3 
liters; an iron ringstand and rings 
for supporting the flask; a funnel of 
suitable size with a stopcock; a two- 
hole rubber stopper to fit the neck of 
the flask; a rubber delivery tube pro¬ 
vided with a pinclicock clamp and a 
short piece of glass tubing with a 
small opening at the end of the tube, 
and connected with the stopper by a 
short piece of glass tubing inserted 
in one hole of the stopper; a 1000- 
watt electric lamp on a suitable 
mounting; a glass vial for collecting 
oxygen; a dish filled with water; a 
small quantity of potassium bicar¬ 
bonate ; a quantity of Elodea or other 
suitable water plant. 

Procedure.—Prepare 4 liters of a 
0.5 percent solution of potassium 
bicarbonate in distilled water. This 
is used to supply carbon dioxide to 
the plants. Support the flask with 
the ringstand and rings. Put a con¬ 
siderable quantity of the Elodea in 
the flask, and fill the flask with the 
bicarbonate solution. Insert the 
stopper in the neck of the flask, with 

the stem of the funnel thrust through 
one hole of the stopper and extend¬ 
ing well below the stopper, and the 
delivery tube connected to the stop¬ 
per with a short piece of glass tubing 
which does not extend below the low¬ 
er surface of the stopper. Fill the 
funnel with the bicarbonate solu¬ 
tion. Put the end of the delivery 
tube under the surface of the water 
in the dish. Open the stopcock of 
the funnel and expel all of the air 
from the flask and delivery tube with 
the bicarbonate solution from the 
funnel. Keep the funnel nearly filled 
with the bicarbonate solution. Re¬ 
move the air bubbles from the flask 
as completely as possible. Then close 
the delivery tube with the clamp, 
leaving the stopcock of the funnel 
open. Place the electric lamp as 
near the flask as possible without 
heating the flask and contents. 

After considerable gas (mainly 
oxygen) has collected beneath the 
stopper in the neck of the flask, in¬ 
vert the vial filled with water over 
the end of the delivery tube in the 
water in the dish. Release the clamp 
and fill the vial with the gas. The 
gas collected may then be tested for 
oxygen. 
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THE RESPONSE OF A THERMOPHILIC FOOD SPOILAGE 
ORGANISM TO THIAMIN 

F. M. CLARK 

Department of Bacteriology, University of Illinois 

The study of bacterial nutrition 
has advanced greatly in the past few 
years. It has been known for some 
time that, when organisms were 
grown in a simplified medium con¬ 
taining only inorganic salts and glu¬ 
cose, the addition of vegetable ex¬ 
tracts, yeast extract, or liver extract 
greatly stimulated growth. With 
the isolation and identification of the 
vitamins, it was found that these 
definitely defined substances could 
be added and would replace the ex¬ 
tracts formerly used. Thus it was 
discovered that some microorganisms 
require vitamins in addition to the 
inorganic salts, nitrogen containing 
compounds, and carbohydrates re¬ 
quired by all bacteria. 

The organism used for this study 
was a food spoilage organism known 
as Clostridium tkermosaccharolytic- 
um. It is important in commercial 
canning because of its ability to pro¬ 
duce resistant spores and cause acid 
and gas production in non-acid foods. 
A study of the organism in various 
media indicated a correlation be¬ 
tween growth and acid production. 
Throughout this work, acid produc¬ 
tion as determined by titration was 
used as a measure of the response of 
this organism to the substance tested. 

It has been shown in previous 
work (1) that this organism needed 
thiamin, biotin, and para amino ben¬ 
zoic acid when grown in a medium 
containing hydrolyzed casein as the 
nitrogen base. Nicotinic acid and 
pantothenic acid were needed to 
maintain maximum growth. The 

omission of thiamin from a medium 
prepared as described later and 
designated as the basal medium re¬ 
sulted in a failure of the organism 
to grow and produce acid. When 
one microgram of thiamin was added 
per ten ml. of medium, maximum 
growth was obtained. The work re¬ 
ported in this paper represents an 
attempt to determine the least 
amount of thiamin that would sup¬ 
port maximum growth, and to de¬ 
termine the curve of response to 
varying amounts of thiamin. A basal 
medium consisting of vitamin-free 
hydrolyzed casein, dextrose, sodium 
acetate, adenine, guanine, uracil, in¬ 
organic salts and the vitamins: bio¬ 
tin, p amino benzoic acid, nicotinic 
acid and pantothenic acid was pre¬ 
pared. Thiamin was omitted from 
this basal medium, since it was the 
test substance. 

In order to determine the response 
of the organism, tubes of basal med¬ 
ium were prepared, thiamin added 
in the following amounts: 0, 0.02, 
0.04, 0.08, 0.12, 0.24, 0.40, 0.80 and 
1.0 micrograms per ten ml. of med¬ 
ium. After inoculation, the tubes 
were incubated at 55°C. for 72 hours 
and the acid produced was titrated 
with N/10 alkali. The results ob¬ 
tained are reported in table 1. 

From the figures (Table l)a curve 
can be drawn which will represent 
the response of the test organism to 
varying amounts of thiamin. Maxi¬ 
mum response as measured by acid 
production was obtained between 
the values of 0.4 and 0.8 micrograms. 
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Table 1.—Response of a Thermophilic Food Spoilage Organism to Varying 

Amounts of Thiamin 

Medium 
Micrograms of 
thiamin added 

Ml of N/10 NaOH 
required to neutralize Average 

Basal only. 0 1.0 1.0 1.0 
Basal inoculated. 0 1.4 1.4 1.4 
Basal inoculated. 0.02 2.4 2.6 2.5 
Basal inoculated. 0.04 3.5 3.4 3.45 
Basal inoculated. 0.08 4.2 4.2 4.2 
Basal inoculated. 0.12 5.7 6.0 5.85 
Basal inoculated. 0.24 7.5 7.5 7.5 
Basal inoculated. 0.40 8.9 8.8 8.85 
Basal inoculated. 0.80 8.9 9.2 9.05 
Basal inoculated. 1.00 9.0 9.2 .1 

of thiamin per 10 ml. of medium. 
Further additions up to 1.0 micro¬ 
grams gave no greater response than 
0.8 micrograms. 

There is a regular increase in re¬ 
sponse in acid production to the 
amount of thiamin added between 
0.02 and 0.4 micrograms per 10 ml. 
of medium. Between these values 
we have almost a straight line curve. 
Organisms responding in this way to 
vitamins are often used as a means 
of assaying extracts of food to de¬ 
termine the content of that vitamin 
to which they respond. 

As this organism gave a good curve 
of response to thiamin, the possibility 
of using it as a means of determin¬ 
ing the thiamin content in an extract 
of food or other material was tested. 
Two feed samples were selected for 
this work. A standard curve was 
run to obtain the response to amounts 
of thiamin between 0.02 and 0.4 mi¬ 
crograms. At the same time extracts 
of the feed were run in the basal 
medium, all requirements being sup¬ 
plied except the thiamin. When the 
results were calculated on the gram 
basis, Sample 1 contained 5.0 to 5.2 
micrograms of thiamin and Sample 
2 gave 1.5 micrograms per gram. 
Chemical determinations using the 
thioclirome method gave the follow¬ 

ing results: Sample 1—3.7 micro¬ 
grams, Sample 2—0.7 micrograms 
per gram. Thus, the microbiological 
method gave much higher results 
than the chemical method, in Sample 
2 more than twice as much. 

Further tests were conducted in 
an attempt to determine the reason 
for the difference in results between 
the two methods. Previous work (1) 
had shown this organism responded 
to the thiazole portion of thiamin 
when it was added to a medium con¬ 
taining no thiamin. The organism 
did not respond to the pyrimidine 
fraction tested. This pyrimidine had 
an ether linkage in the fifth position 
of the pyrimidine ring. Schultz, 
Atkin and Frey (2) have shown, that 
for yeasts, thiamin treated with sul¬ 
fite loses 98 percent of its activity for 
these microorganisms. By this treat¬ 
ment thiamin is broken down into a 
thiazole fraction and a sulfonic acid 
pyrimidine. It wTas assumed that if 
the feed samples could be treated with 
sulfite and the activity destroyed, 
other stimulating substances in 
the feed could be determined and 
thus make it possible to include them 
in the basal medium and thus obtain 
closer checks between the chemical 
and microbiological method of de¬ 
termining thiamin. On the basis of 
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this assumption, extracts of the feed 
were treated with sulfite according 
to the method of Schultz, Atkin and 
Frey. Varying quantities of the 
treated extract were added to the 
basal medium. The results obtained 
after this treatment were identical 
with those previously reported for 
the untreated extracts. This seemed 
to indicate that the organism was 
able to resynthesize thiamin from the 
two fractions produced by sulfite 
cleavage and use it. To test the cor¬ 
rectness of this conclusion thiamin 
itself was treated with sulfite and 
added to the basal medium in varying 
amounts. The organism responded 
to this sulfite treated thiamin in the 
same way as to the untreated thia¬ 
min. Thus it appears that sulfite 
treatment does not destroy thiamin 
activity for this thermophilic spoil¬ 
age organism as it does for yeast. 
It is possible that pyrimidine struc¬ 
tures similar to the above and other 
types may be encountered in ex¬ 
tracts of feeds. If certain thiazole 
fractions are present the organism 

will then react as though thiamin 
were present, since it has the ability 
to synthesize thiamin from these 
fractions. The thiochrome method is 
more or less specific for thiamin and 
thus would not measure these frac¬ 
tions. This may be one of the rea¬ 
sons why higher results were ob¬ 
tained with this microbiological me¬ 
thod than with thiochrome method. 
There are probably other factors 
which affect this determination but 
they were not investigated. 

CONCLUSIONS 

The food spoilage organism Clos¬ 
tridium thermosaccharolyticum re¬ 
sponds quantitatively to thiamin in 
the range of 0.02 to 0.4 micrograms. 
From this response a standard assay 
curve can be drawn. 

The results of assays of two feeds 
gave results higher than those ob¬ 
tained by the thiochrome method. 

Sulfite treatment of thiamin and 
of extracts of feeds does not destroy 
the activity of thiamin for this or¬ 
ganism. 
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ZINC AND MAGNESIUM COBALTINITRITES FOR 
QUALITATIVE DETECTION OF POTASSIUM 

GLORIA UNDERWOOD and W. F. BAILEY 

MacMurray College, Jacksonville, Illinois 

The methods for qualitative detec¬ 
tion of sodium and potassium ions 
are not too satisfactory, owing to the 
solubility of the salts in question. 
The most delicate tests for these ions 
seem to be the use of sodium hexani- 
tritocobaltate for potassium and of 
zinc or magnesium uranyl acetate for 
sodium1. If these reagents are used, 
however, a separate portion must be 
used for each test because of the in¬ 
troduction of sodium ions in testing 
for potassium. Furthermore, if pot¬ 
assium is present, it must be at least 
partially removed before testing for 
sodium on account of the similar 
solubilities of the potassium and 
sodium salts formed with either zinc 
or magnesium uranyl acetate. 

It seemed desirable to develop a 
reagent for the detection of potas¬ 
sium which would retain the sensi¬ 
tivity of sodium cobaltinitrite, but 
which would not introduce the so¬ 
dium ion and would leave the solu¬ 
tion in the best form for the detec¬ 
tion of the sodium ion. The use of 
zinc or magnesium uranyl acetates 
for the detection of sodium sug¬ 
gested the use of zinc or magnesium 
cobaltinitrite. 

Previous work indicated that such 
compounds could be formed, because 
unstable solutions containing cobal¬ 
tinitrite are formed when the gas 
from the action of concentrated 
nitric acid on metallic copper is 
passed through a mixture of the ace¬ 
tates of cobalt and either zinc or 
magnesium2. When such solutions 
were treated with the gas formed by 

the action of dilute sulfuric acid on 
sodium nitrite, the amount of cobal¬ 
tinitrite varied greatly and for 
no apparent reason3. 

EXPERIMENTAL 

A solution was made up which was 
one molar in zinc acetate and two 
thirds molar in cobalt acetate. Because 
of the lack of uniformity of the gas re¬ 
sulting from the reduction of nitric acid 
by copper, nitrogen dioxide was pre¬ 
pared by the action of nitric acid on 
sodium nitrite. The gas thus formed 
was passed through the mixture of ace¬ 
tates. Calculations indicated that 0.47 
mols or 32.43 grams of sodium nitrite 
would be required to form enough nitro¬ 
gen dioxide to convert the cobalt in 100 
milliliters of this solution entirely to 
cobaltinitrite. 

One hundred milliliters of the mixed 
acetates was placed in a gas wash bottle, 
over glass beads, and the nitrogen di¬ 
oxide was then bubbled through the solu¬ 
tion. Different amounts of sodium ni¬ 
trite were used, varying from 0.47 mols 
to four times that amount. As the 
amount of sodium nitrite used was in¬ 
creased, the amount of cobaltinitrite 
formed increased fairly regularly until 
3.75 times the calculated amount was 
used, and then fell off sharply with four 
times the amount of nitrite. In all 
cases, much of the gas seemed to pass 
through the solution without being ab¬ 
sorbed. In all cases, twenty milliliters 
of the resulting solution was diluted to 
100 milliliters, precipitated by the addi¬ 
tion of an excess of potassium chloride 
solution, filtered, washed and dried at 
110° C. If the precipitate was filtered 
off within an hour of precipitation, more 
precipitate formed in the filtrate. When 
several samples were precipitated at the 
same time and allowed to stand for dif¬ 
fering lengths of time before filtration, 
the precipitate usually, but not always, 
increased very distinctly in amount with 
length of time of standing in the mother 

1 Kolthoff, I. M., Z anal Chem.. 70, 397 (1927). 
2 Adams, Hall and Bailey, Ind. Eng'. Chem., Anal. Ed., 7, 310 (1935). 
3 Lippincott, Ann, Unpublished work, 1945, MacMurray College. 
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Table 1 

Wt. NaN02 Mols NaN02 Weight of potassium precipitate 

32.43. 0.47 
(1.5) (0.47) 
(2.5) (0.47) 
(3.5) (0.47) 

(3.75) (0.47) 
(4.0) (0.47) 

0.0693, 0.0860 
0.4151, 0.4117 
1.0482, 1.2093, 1.3241, 1.3239 
1.1035, 0.9857, 0.9813, 1.2268 
1.3094, 1.2795, 1.5782 
1.2331, 1.4630, 1.4409, 1.5727 
0.1570, 0.1580 

48 64 . 
81 08 . 

113.50 . 

121.60. 
129.72. 

liquid, up to sixty hours. In a number 
of instances the precipitate became dark 
on heating, and in one case, nitrogen 
dioxide was observed coming from the 
drying precipitate. If in the formation 
of the complex, all the cobalt had been 
changed to cobaltinitrite, the precipi¬ 
tates from these twenty milliliter por¬ 
tions should have weighed 6.03 grams, 
assuming the precipitate to be K3Co- 
(NO,)„. The largest amount actually 
secured was 1.58 grams. The results 
are summarized in Table I. 

For the determination of the com¬ 
position of the precipitate formed with 
potassium chloride, one hundred mil¬ 
liliters of the mixed acetates of cobalt 
and zinc was treated with the gas made 
by adding nitric acid to 121.6 grams of 
sodium nitrite. Excess of potassium 
chloride solution was then added and 
the mixture allowed to stand over night. 
It was then filtered, washed, and dried 
at 110° C. Samples were analyzed elec- 
trolytically for cobalt4, showing 13.94 
percent and for potassium as the per¬ 
chlorate5, showing 23.44 percent, an 
atomic ratio of 2.53. Qualitative tests 
for zinc were negative. The percentages 
of cobalt and potassium in K3Co (NOde 
are 13.01 and 25.93 respectively. 

In the same way, a cobaltinitrite was 
prepared by the action of nitrogen di¬ 
oxide on a mixture of cobalt and mag¬ 
nesium acetates. This was precipitated 
with potassium chloride and the result¬ 
ing precipitate was analyzed as above 
for both potassium and cobalt. The pre¬ 
cipitate was 23.26% potassium and 
13.39% cobalt. Qualitative tests for 
magnesium were negative. The atomic 
ratio found was 2.62. 

To compare the stability of the two 
solutions, 200 milliliters of solutions 
which were two thirds molar in cobalt 
acetate and molar in either zinc or mag¬ 
nesium acetates were treated with the 
gas secured from 170 grams of sodium 
nitrite. This proportion of nitrite was 
somewhat less than that previously 
found to yield the greatest amount of 
complex, as it was desired to avoid the 
effect of decomposition caused by too 
great an amount of gas. The complex 
was formed in both cases; almost twice 
as much was formed in the magnesium 
solution as in the zinc solution, but still 
less than a third of what would have 
resulted had all the cobalt been con¬ 
verted to the nitrite complex. The solu¬ 
tions were kept in bottles covered with 
watch glasses to allow NCL to escape, 
and analyzed daily. Although the mag¬ 
nesium solution was more concentrated 
at first, neither showed any sign of 
cobaltinitrite after five days although 
both gave slight but distinct precipitates 
with potassium chloride after four days. 
A solution of sodium cobaltinitrite was 
found under the same conditions to give 
an immediate precipitate with potassium 
chloride after two weeks. 

CONCLUSIONS 

1. Cobaltinitrite is formed by 
passing oxides of nitrogen through 
a mixture of acetates of cobalt and 
either zinc or magnesium. The most 
uniform results are obtained when 
the gas is secured from the action of 
nitric acid on sodium nitrite. A 
sufficiently great amount of gas re¬ 
sults in a decrease in the yield. 

4 Scott, Standard Methods of Chemical Analysis, X. H. Furman, editor, p. 312, Fifth edition, 
1). Van Nostrand Co. 

5 Idem, p. 870. 
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2. Analysis of the potassium pre¬ 
cipitate does not conform closely to 
what seem to be the most likely com¬ 
positions, but K3Co(N02)6 seems the 
most probable. 

3. The magnesium salt seems to 
be more readily formed than the 
zinc salt but is not appreciably more 
stable. 

4. S o 1 u t io n s of cobaltinitrite 

made by passing oxides of nitrogen 

through mixtures of cobalt actetate 

with either zinc or magnesium ace¬ 

tates are distinctly less stable than 

that made by adding acetic acid to a 

mixture of sodium nitrite and co¬ 

balt acetate. 
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p-DIMETHYLAMINOAZOBENZENE-p-SULFONAMIDE 

K. VAN LENTE and GEORGE POPE 

Southern Illinois Normal University, Garhondale 

In the course of an investigation 
the compound p-dimenthylaminoazo- 
benzene-p-sulfonamicle was prepared 
and it was decided to study some of 
its properties. Its close similarity 
to methyl orange suggested its pos¬ 
sible use as an indicator. The struc¬ 
ture of the two compounds is identi¬ 
cal except for the amide group re¬ 
placing the OH group found in 
methyl orange. 

Examination of the literature re¬ 
veals that p-dimethylaminoazoben- 
zene-p-sulfonamide was prepared in 
Russia in 19381. The investigators 
prepared a number of azo com¬ 
pounds by the same general method 
here used, but they were interested 
primarily in the therapeutic values 
of the "compounds. The common 
physical properties were not includ¬ 
ed in their report. 

EXPERIMENTAL 

17.2 gm. of p-aminobenzenesulfonamide 
are dissolved in 150 ml. of water con¬ 
taining 25 ml. of concentrated HC1; 
12.6 gm. of dimethyl aniline are dis¬ 
solved in 20 ml. of concentrated HC1 
and the solution diluted with about 200 
ml. of water; 6.9 gm. of NaN02 are dis¬ 
solved in about 15 ml. of water. The 
three solutions are then cooled in an 
ice-water mixture. The solution of 
NaNO, is added to the p-aminobenzene¬ 
sulfonamide and thoroughly stirred. 
The resulting diazonium salt is then 
•slowly poured into the dimethylaniline, 

U2N ^ y S02NH2 + HONO + HC1 -Cl 

stirring constantly. The solution first 
becomes orange and gradually changes 
to a deep red. Crystals appear in about 
ten minutes. The solution is further 
stirred for about ten to fifteen minutes 
and allowed to stand for an hour. The 
precipitate is filtered with suction and 
washed with water. The yield is almost 
quantitative. 

The crystals are small, well defined and 
purplish-red in color. The compound is 
practically insoluble in water, benzene, 
and ether; somewhat soluble in acetone, 
methyl and ethyl alcohols; and still 
more soluble in ethylene glycol. Upon 
heating, the compound decomposes at 
about 188 to 195° C. before melting. 

An approximate determination of the 
pH at which the dye changes color 
showed the range to be about between a 
pH of 3 and 4.5. A series of buffer 
solutions was made between a pH of 3 
and 4.6 in steps of 0.2 of a pH unit 
using the directions of Clark and Lubs 
and mixing the proper amounts of 0.1 
M KHCsH404 and 0.1 N HC1 and 0.1 
N NaOH. The pH values of these buf¬ 
fers were then measured electrometri- 
cally using a glass and calomel electrode, 
and the differences between the calcu¬ 
lated and measured values were only 
0.01 to 0.02 of a unit. 

After trial with numerous solvents, 
a 0.1 percent solution of the dye in 
ethylene glycol was made and used; 0.15 
ml. of this solution were added to 10 
ml. of each buffer and the colors were 
observed and compared with those pro¬ 
duced using methyl orange as an in¬ 
dicator. The pH intervals for the two 
indicators were found to be almost iden¬ 
tical; 3.2 to 4.2 for methyl orange, and 
3.0 to 4.2 for the sulfonamide. The 

^ ^ so2nh2 + 2h2o 

C1N- o so2nh2 

CH> /-, CH3 /-V /-V 

—► >n( )n=n( /so2nh2 
CH, >-' CH-j N-' N-' 

+ HC1 

1L. N. Goldyrev and I. Ya Postooskii, J. Applied Chem. (USSR) 11, 316-27, (1938). 
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point of greatest change for methyl 
orange seemed to occur between a pH 
of 3.4 and 3.6 while that for the sul¬ 
fonamide was about 0.2 of a unit higher, 
3.6 to 3.8. 

The sulfonamide as used in the above 
tests tended to precipitate when added 
to the buffer solutions, and the colors 
produced were not as deep as those ob¬ 
tained using methyl orange. The color 
change offered one advantage, however; 
it was from red to yellow with practi¬ 
cally no orange in between. 

The color intensity obtained with 
methyl orange is due to the fact that it 

is a water-soluble sodium salt of a weak 
acid, whose behavior in acid and basic 
solutions is well postulated. The water 
insolubility of the sulfonamide and the 
presence of the amide group instead of 
the acid OH group may explain the faint 
colors produced, but the nature of the 
compound also presents a mechanism in 
acid and basic solutions which is not 
clear. It seems that the introduction of 
another sulfonic group might overcome 
this difficulty. This, of course, may 
change the indicator interval and also 
its colors, and this possibility may be 
investigated in the future. 
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SOME FACTORS IN THE SYNTHESIS OF 
3, 5-DINITROBENZOTRIFLUORIDE* 

O. F. WILLIAMS and G. C. FINGER 

State Geological Survey, Urbana, Illinois 

The synthesis of certain symmetri¬ 
cal aromatic fluorine compounds 
under investigation in this labora¬ 
tory necessitated the development of 
a large-scale laboratory preparation 
of 3, 5-dinitrobenzotrifluoride. 

cf3 

V NO; 

HNO3 

h2so4 

cf3 

NO; 

Adaptation of the original syn¬ 
thesis by Finger and Reed1 of this 
dinitro compound to a large-scale 
laboratory preparation required 
further investigation to determine 
optimum yield conditions. 

The synthesis of 3, 5-dinitrobenzo¬ 
trifluoride involves the nitration of 
m-nitrobenzotrifluoride with a fum¬ 
ing nitric and sulfuric acid mix¬ 
ture. The nitro group entering the 
aromatic nucleus is directed to the 
meta position common to both the 
■—CF3 group and the original nitro 
group. The difficulty involved in 
nitrating m-dinitrobenzotrifluoride 
may be predicted when a comparison 
is made with m-nitrobenzene, as 
both compounds contain two meta 
directing groups in the 1,3 positions. 
The nitration of m-dinitrobenzene is 
extremely difficult; therefore, it 
wxmld be expected that nitration of 
???-nitrobenzotrifluoride would also 
be difficult. This theoretical anal¬ 
ogy was verified experimentally as it 
was necessary to use a fuming nitric- 
sulfuric acid mixture at a tempera¬ 
ture of about 100°C. in order to 
obtain a satisfactory yield of 3,5-di- 
nitrobenzotrifluoride. 

To develop a standard procedure 
for a large-scale laboratory prepara¬ 
tion of 3,5-dinitrobenzotrifluoride 
which would produce a maximum 
yield of product, consistent with eco¬ 
nomical use of both time and mate¬ 
rials, required a study of the effects 
on the dinitro yield by the following 
conditions: (1) concentration and 
volume of sulfuric and nitric acid 
used in nitration; and (2) time and 
temperature of nitration. 

An investigation of the effects of 
the conditions given above on the 
yield of 3,5-dinitrobenzotrifluoride 
was conducted by performing a 
series of nitrations in which the con¬ 
ditions were varied from run to run. 
The yield of dinitrobenzotrifluoride 
as affected by various concentrations 
and volumes of acids used are shown 
in Tables 1 and 2. 

From the data obtained, indica¬ 
tions are that fuming sulfuric acid 
(30 percent free S03) and fuming 
nitric acid (sp. gr. 1.49-1.5), a nitra¬ 
tion temperature of 100°C., and a 
heating period of three hours pro¬ 
duced better yields of 3,5-dinitroben¬ 
zotrifluoride. Nitration temperatures 
higher than 100°C., and heating pe¬ 
riods longer than 3 hours were 
found to effect only negligible in¬ 
creases in the yield. 

The crude 3,5-dinitrobenzotrifluo¬ 
ride, washed free of acid with dilute 
alkali, is still contaminated with 
small amounts of isomers and unre¬ 
acted m-nitrobenzotrifluoride which 
make imperative an efficient purifi¬ 
cation process. Fractional crystalli¬ 
zation of the crude product from 
methanol gave a pure product but 

Published with the approval of the Chief, Illinois State Geological Survey. 
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Table 1.—Yields of 3,5-Dinitrobenzotrifluoride as Affected by Different 
Acid Concentrations 

Reagent Concentration 
Average Yield of 

3, 5-Dinitrobenzotrifluoride 

Fuming H2SO4. 
Fuming H2SO4.:. 
Fuming H2SO4... 

15% S03 
25% S03 
30% S03 
60% S03 
Sp. gr. 1.49-5 

35 Percent 
40 Percent 
45 Percent* 

Fuming H2SO4.. 40 Percent 
Fuming HNO3. 45 Percent * 
Red fuming HNO3.. 40 Percent 

* Procedure was standardized on these concentrations. 

Table 2.—Yield of 3,5-Dinitrobenzotrifluoride vs. Volume of Reagents 

Acid 
Volume Ratio 

Acid: C6H4 (CF3) (N02) 1, 3 
Percent Yield of 

C6H3 (CF3) (N02)2 1, 3, 5 

H2SO4 (30% free S03). 5:1 41 
H2SO4 (30% free S03). 3.6:1* 45 
HNOs (Sp. gr. 1.99-1.5). 1.8:1 41 
HN03 (Sp. gr. 1.49-1.5). 6.4:1* 51 

* Procedure standardized on these ratios. 

low recovery, due to the additional 
.solubility effect of the unreacted 
m-nitrobenzotrifluoride. Purification 
by steam distillation was found to 
be impractical because the dinitro 
compound is slightly steam distil¬ 
lable. Fractional distillation under 
diminished pressure followed by re¬ 
crystallization of the dinitro from 
methanol proved to be the most effi¬ 
cient method for purifying the crude 
dinitro product. 

EXPERIMENTAL 

Nitrations were carried out in a 5- 
liter three-necked (standard joints) 
round-bottomed flask submerged in a 
water bath containing a coil of copper 
tubing with connections so arranged 
as to permit circulation through the 
coil of either low or high pressure 
steam, tap water, or a cold brine solu¬ 
tion. The flask was equipped with a 
Claisen adapter to which was attached 
a dropping funnel and a reflux con¬ 
denser, a thermometer, and a mercury- 
sealed stirrer coupled to the shaft of a 
.one-half h.p. motor. 

m-Nitrobenzotrifluoride was added to 

the stirred fuming nitric and sulfuric 
acid mixture maintaining the nitration 
temperature at 100° C. throughout the 
addition and the subsequent two-hour 
heating period. The efficient heat trans¬ 
fer system previously described makes 
possible precise temperature control at 
100° C. of the nitration reaction which 
is exothermic. 

A modification of the above experi¬ 
mental procedure involves a nitration of 
benzotrifluoride with the spent acid to 
produce enough m-nitrobenzotrifluoride 
for a subsequent large-scale dinitro- 
benzotrifluoride preparation. This modi¬ 
fication is advantageous from the stand¬ 
point of more efficient utilization of ma¬ 
terials but has the disadvantage of in¬ 
creasing the dinitro production time. 

SUMMARY 

A study was made of the nitration 
of m-nitrobenzotrifluoride to deter¬ 
mine the conditions most favorable 
for obtaining good yields of 3,5-dinr- 
trobenzotrifluoride. From the re¬ 
sults thus obtained, a large-scale 
laboratory method of preparation of 
3,5-dinitrObenzotrifluoride was de¬ 
veloped. 

BIBLIOGRAPHY 

i. Finger and Reed. J. Am. Chem. Soc. 66, 1972-1974 (1944L 



Illinois Academy of Science Transactions, Vol. 39, 1946 

GEOGRAPHY 

81 

A CROSS-SECTION OF THE CENTRAL DIVISION 
OF ILLINOIS 

JOHN H. GARLAND 

University of Illinois, Urbana 

The Central Division of Illinois is 
that portion of the state which lies 
between an east-west line from the 
Mississippi below the mouth of the 
Rock River to the great bend of the 
Illinois River to the state of Indiana, 
and an east-west line from the Mis¬ 
sissippi at the mouth of the Illinois 
River to the Shelbyville moraine to 
the Indiana state line. This area, 
which is dominantly agricultural, 
contains the best grain lands in the 
state as well as some of the best land 
of the entire region known as the 
corn belt, of which this district and 
other parts of the state are a part. 

Approximately at the center of 
the division is the largest city of the 
state which can be thought of as in¬ 
digenous rather than a regional or 
extra regional center. At fairly 
regular intervals of about 50 miles 
are other indigenous centers with 
populations of less than 100,000. 
Transportation patterns radiate 
from each in all directions through 
the evenly spaced villages tying the 
entire division into one large agrar¬ 
ian web. 

Three districts, the Eastern, 
Southwestern, and Western, consti¬ 
tute the major segmentation of the 
division, each of which consists of 
several sections; The Grand prairie, 
the Kankakee lowland, the Upper 
lilinois valley, and the Middle Illi¬ 
nois valley are the sections of the 
Eastern District; the Sangamon 
plain and the Lower Illinois valley 
are the sections of the Southwestern 
District; whereas the Galesburg 
prairie, the Upland forest, and the 

Mississippi border (central seg¬ 
ment) are the sections of the West¬ 
ern district. The Shelbyville mo¬ 
raine, and the Illinois and Missis¬ 
sippi valleys form the limits of the 
districts. The predominance of 
physical nomenclature is obvious and 
indicates the undesirability or diffi¬ 
culty of using cultural delimitations 
in an area of as complete and homo¬ 
geneous occupance as that of the 
Central Division of Illinois. Thus, 
the quality of occupance and the de¬ 
sirability or lack thereof of the above 
areal patterns might become appar¬ 
ent by means of an east-west cross- 
section through the division. 

Innumerable traverse lines could 
be run, each of which would demon¬ 
strate its own individuality as well 
as revealing the general quality of 
the district. The line selected fol¬ 
lows highway Illinois 10 from the 
state line through Danville, Cham- 
paign-Urbana, to Clinton; U. S. 54 
through Springfield to Jacksonville; 
and state route 104 to Quincy on the 
Mississippi. The first 80 miles crosses 
the Eastern District, the next 105 
miles the Southwestern, and the last 
50 the Western. 

EASTERN DISTRICT 

Vermilion, Champaign, Piatt, and 
DeWitt counties are crossed in the 
first segment of the traverse, the 
Grand prairie section. Because the 
traverse crosses the southern portion 
of the Eastern District, only the 
Grand prairie section is included. 
This is the Cash Grain type of farm¬ 
ing area (as expressed by Case and 
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Fig. 1.—The Central Division of Illinois. 

Meyers) which is associated with the 
prairie area of most recent glacia¬ 
tion—the area within the Shelbyville 
moraine. Farms here are large, 
ranging in size, according to the last 
census, from averages of 154 acres 
in Vermilion county to 210 in Piatt. 
As far as the eye can see, the culti¬ 
vated fields of corn and small grains 
extend over the gently rolling sur¬ 
face of the deep black prairie soil. 
From Danville to Clinton the only 
natural interruption to the repeti¬ 
tious pattern of tilled fields and 

well-spaced farmsteads is the 
wooded valley of the streams which 
flow outward from the approximate . 
center of the Grand prairie. At 
Danville, the old strip mines and the 
valley of Middle Fork, the valley of i 
Salt Fork at St. Joseph, the Sanga¬ 
mon valley near Lodge and the val¬ 
ley of Salt Creek near Clinton afford 
the major interruptions. That this 
is a wealthy area of commercial 
grain farming is apparent on all 
sides. Well-built farm houses, many 
of them of the square hip roofed 
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variety designed several decades ago 
to fit the continuousness of the prai¬ 
rie; a large barn (small, however, 
in comparison with those of the 
dairy zones) many of which are red 
in color; a king-size corn crib; and 
an enclosing border of trees reap¬ 
pear at regular intervals. Motorized 
equipment of all varieties is in evi¬ 
dence everywhere, monuments to the 
high standard of rural living, the 
ever-enlarging farm, the declining 
rural population, increasing farm 
mortgages and farm tenancy. It 
must be kept in mind that it requires 
rich land to support large mortgages 
and two families—the owner and 
tenant. With the exception of hogs 
and a few dairy cows on each farm, 
animals are notable by their absence. 
Champaign and Piatt counties have 
the highest crop values per acre on 
the entire traverse, whereas live¬ 
stock values are lowest, being ap¬ 
proximately one-quarter of the 
crops. Dairy values are insignifi¬ 
cant. 

Three of the four county seats (in¬ 
cluding Champaign and Urbana as 
a unit for general discussion only), 
and incidentally the largest urban 
centers in the four counties crossed, 
lie on the route of this traverse. De¬ 
spite the inclusion of such incongru¬ 
ous features as coal mines and the 
state university, the largest urban 
centers are examples of major service 
centers of a productive agrarian 
countryside. Stripped to the absolute 
essentials are the little villages, each 
a prototype of the cash grain pro¬ 
ducing Grand prairie village. Each 
village possesses at least one grain 
elevator and cobb burner (a sign of 
waste or perhaps the extensive type 
of occupance of this portion of the 
country,) a stack of grain doors for 
railway box cars, innumerable bins 
of the ever normal granary of pre¬ 
war depression days, and insignifi¬ 
cant or lacking facilities for han¬ 

dling livestock. Aside from the usual 
stores, farm implements, and auto¬ 
motive supplies point steadily at a 
community interest of extensive, 
mechanized, commercial grain farm¬ 
ing—the present occupance of the 
fertile Grand prairie. 

SOUTHWESTERN DISTRICT 

Crossing the Slielbyville moraine 
beyond Clinton (the moraine is here 
an inconspicuous feature of the land¬ 
scape), the traverse continues for 
another 105 miles through Spring- 
field and Jacksonville to the village 
of Chambersburg near the west 
bluffs of the lower Illinois Valley. 
This segment of the traverse, which 
crosses Logan, Sangamon, and Mor¬ 
gan counties passes through the 
Southwestern district which consists 
of two sections, the Sangamon plain 
and the Lower Illinois valley. 

Although this district, like its 
neighbor to the east, is an important 
farming area with from 85-95 per 
cent of the total area in farms which 
range in average size from 158 to 
191 acres, a distinctive personality 
prevails which clearly sets the dis¬ 
trict out. This area lies within both 
the Cash Grain and General Farm¬ 
ing (Typds of Farming by Case and 
Meyers). The eastern portion of the 
traverse, the 45 miles from Clinton 
to Springfield, passes through the 
Cash Grain area. There the farms 
are about as large and production 
per acre is about as high as it is in 
the Grand prairie. Despite the fact, 
however, that the village of Corn- 
land is encountered half way be¬ 
tween the old county seat of Mount 
Pulaski and Springfield, small 
grains, especially wheat, is much 
more important as well as pasture 
and livestock. In fact, live stock 
values have risen from one-quarter 
to one-third of the grain values per 
acre. 



84 Illinois Academy of Science Transactions 

Beyond Springfield the average 
size of the farm decreases, the farm¬ 
steads appear to be much older than 
those on the Grand prairie, house 
types similar to those found in Ohio 
(there locally known as a Pennsyl¬ 
vania house) appear, and every¬ 
where except in the wide alluvial 
trough of the Illinois River, live¬ 
stock is more numerous. The value 
of total production per acre has fal¬ 
len but live stock values have risen 
to about 50 per cent of the value of 
crops. As on the Grand prairie, 
dairying is unimportant except as a 
local service to the towns and vil¬ 
lages. Forests are more numerous 
in this district, the entire western 
portion was originally forested as 
well as the Sangamon bottoms in 
this portion, and the black prairie 
soil of the recent Wisconsin drift has 
given way to the browns and yellows 
of the forest soil on the older Illi- 
noian till, with here and there evi¬ 
dence of loess deposits. As in the 
Danville area of the Grand prairie, 
coal mines, here shaft mines, add an 
incongruous note to the agrarian 
scene. 

Although dominantly agricultur¬ 
al, the political function (with its 
historical tradition as well as its 
agrarian service center nature) of 
Springfield leaves its stamp upon its 
locale—the Sangamon plain. Sit¬ 
uated just east of the center of the 
Sangamon plain the State capitol is 
the focal point of one of the best 
developed radials of highways and 
railroads in the state. 

In contrast to the rolling surfaces 
of the Sangamon plain is the funnel 
shape Lower Illinois valley; a great 
alluvial trough about 150 feet lower 
than the upland and eight miles 
wide at the point where the traverse 
crosses the valley. It is several times 
this width at the upper end and 
about half as wide where it ap¬ 
proaches the Mississippi. Dikes and 

drainage ditches and unused wret al¬ 
luvial land are ample evidence of 
the flooding of the inner valley, 
whereas the roads, villages, farm¬ 
steads, and tilled fields occupy the 
well-drained alluvium of the slightly 
higher terraces. The highway from 
Meredosia (Marais d’osiers, the bas¬ 
ket reed swamp) to Chambersburg 
crosses the inner valley and the river 
on an extremely high bridge. 

THE WESTERN DISTRICT 

From the w7est bluff of the Illinois 
valley above Chambersburg the tra¬ 
verse extends for 50 miles across the 
Western District to Quincy on the 
Mississippi River through Pike and 
Adams counties. Although this is 
an area of general farming, the 
farms are smaller here than in either 
of the other two districts and the re¬ 
turns are lowest, being only twTo- 
tliirds of the per acre returns on the 
Grand prairie. Likewise, the re¬ 
turns from livestock have risen until 
it is almost as great as the returns 
from crops. 

The first of the two sections of the 
Western District to be encountered 
and the one over which most of the 
traverse extends is the Upland For¬ 
est. Stream erosion to an extent of 
about 100 feet by the minor tribu¬ 
taries of both the Illinois and Mis¬ 
sissippi have turned both the eastern 
and western facing slopes into roll¬ 
ing terrain separated by a flat un¬ 
dissected upland. Originally forest¬ 
ed, much of the area is still in timber 
■with extensive areas of apparently 
recently abandoned crop land (prob¬ 
ably taken out of cultivation in the 
early days of A. A. A. crop control 
program) in brush, and thicket. 
Browui forest soil is in evidence in 
the cultivated fields with thick man¬ 
tles of loess sharply exposed on west 
facing slopes. 

The highway wanders up the Illi¬ 
nois tributary slope across the flat 
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divide and over into area dissected 
by the Mississippi tributaries 
through such widely spaced little 
villages as Fishhook, Fairweather, 
and Liberty. The widely spaced 
railroad pattern in this portion of 
the district gives the impression of 
isolation to the villages not served 
by them. 

At the end of the traverse is Quin¬ 
cy, occupying that point on the up¬ 
land that most closely approaches 
the Mississippi. The alluvial lands 
of the Mississippi border are very 

narrow there although they widen to 
segments ten miles or more in width 
above and below the city. Both the 
highway and railroad bridges cross 
the river here at one of its narrowest 
points. Most of the rejuvenated in¬ 
dustries as well as the railroad oc¬ 
cupy the narrow flood-plain where 
once the activities of a thriving river 
town were centered, whereas the city" 
itself is spread out upon the upland. 

Thus terminates a traverse design¬ 
ed to highlight a cross-section of five 
sections of the three districts of the 
Central Division of Illinois. 
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GEOLOGY 

REFLECTIONS ON RECENT DIAMOND-DRILL 
EXPLORATION IN THE ILLINIOS COAL FIELD* 

GILBERT H. CADY 

Illinois State Geological Survey, Urbana 

Diamond-drilling to obtain cores 
of the rock penetrated has long been 
the most approved method for coal 
bed exploration. It is obvious why 
this is so. 

Coal mining and exploration com¬ 
panies drilled many hundreds of 
diamond-drill holes in the Illinois 
coal fields before 1915. When these 
holes were being drilled, either the 
present State Geological Survey was 
not yet in existence, or it was a new 
organization and the exploration 
agencies were reticent in allowing 
representatives of the Survey access 
to the cores and to the highly confi¬ 
dential information that these con¬ 
tained. In these early years the 
Survey occasionally added cores to 
its collections, particularly from one 
exploration company that drilled 
many holes in southern Illinois be¬ 
tween 1912 and 1915, and was able 
to examine others in the field. How¬ 
ever, most of the information about 
this early drilling came to the Sur¬ 
vey files some time after the holes 
were drilled, usually in the form of 
generalized and commonly unsatis¬ 
factory driller’s logs. One of these 
early cores provided the basis for the 
type succession of the McLeansboro 
formation* 1. Another was the core of 
the deep hole at New Haven, White 
County, which extended through the 
Pennsylvanian beds from about the 
position of the New Haven (“Shoal 
Creek”) limestone.2 

The number of cores actually 
logged by the Survey was only a 
small percentage of those drilled. 
Even as late as 1920 the Survey had 
not had access to cores of any holes 
drilled in Franklin County. 

Between 1915 and 1940, deep core¬ 
drilling in the State was infrequent, 
except for a considerable number of 
holes drilled by the Madison Coal 
Corporation in Sangamon, Madison, 
and Williamson counties between 
1920 and about 1925. The records 
of this drilling, such as it was, have 
largely come to the Survey files, and 
the cores of most of the holes drilled 
by the Madison Coal Corporation 
were examined by members of the 
Survey staff some time after the 
holes were drilled. Some of the 
cores representing the deeper holes 
were obtained for the Survey collec¬ 
tion. 

Mining operations in Illinois by 
1940 had gone far toward exhaust¬ 
ing the supply of coal explored in 
previous years. The increased pro¬ 
ductivity of the war years forced 
the exploration of new areas in the 
anticipation of the approaching need 
for new supplies of coal upon which 
to maintain the industry. Further¬ 
more, although certain areas not yet 
exploited had been drilled, the rec¬ 
ords of such drilling were seen to be 
unsatisfactory for evaluating the 
coal resources and the quality of the 
coal and for planning mining opera- 

* Presented with the permission of M. M. Leighton, Chief, Illinois State Geological Survey. 
1 Udden, J. A., Delafield drill core: Illinois Geol. Survey Bull. 4, p. 203, 1907. 
2 Cady, G. H., Coal resources of District V: Illinois Geol. Survey Coop. Mining Ser. Bull. 19,. 

P- 18, 1919. 
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tions. Accordingly redrilling of 
such areas was often regarded as 
necessary. As a result, the last three 
years have seen a noteworthy revival 
of exploratory diamond-drilling in 
the southern half of the State, an 
activity which is probably not at an 

end. 
The recent drilling has been in 

Bond, Madison, Randolph, Chris¬ 
tian, Fayette, Franklin, Jefferson, 
Saline and Williamson counties. In 
the central-eastern part of the State 
there has been considerable explora¬ 
tion in Douglas County. With most 
of this drilling the Survey through 
the Coal Division has been in close 
touch, actually being on the ground 
when hundreds of feet of the cores 
were pulled. In addition we have 
had opportunity to log numerous 
cores of holes located adjacent to the 
east boundary of Illinois in Vigo 
and Sullivan counties in western 
Indiana. Altogether, some 45 to 50 
thousand feet of cores have been 
logged by members of the Coal Di¬ 
vision in the last three years. 

This increase in detailed informa¬ 
tion concerning the Pennsylvanian 
succession has been mainly with re¬ 
spect to the McLeansboro and the 
upper part of the Carbondale groups 
down to and including Harrisburg 
(No. 5) coal bed. However, addi¬ 
tional information has been obtained 
from several drill-holes in Franklin 
County, from one in Madison Coun¬ 
ty, from two in Lawrence County, 
and from several in Vigo County, 
Indiana, regarding strata lying near 
or below the base of the Carbondale 

group. 
The examination of these cores has 

provided a detailed picture of the 
stratigraphic succession for several 
areas, from a position that appears 
to represent the Curlew limestone of 
the upper Tradewater group to a 
position somewhat above that of the 
Millersville limestone of the upper 

part of the McLeansboro group. In 
Fayette County, a core has been 
logged from a short distance above 
the Millersville limestone (which is 
exposed in outcrop in the immediate 
region) to the No. 6 coal bed. In 
Jefferson County the cores logged 
extended from about 300 feet above 
what is called the “Shoal Creek” 
limestone in that county to below the 
position of the Harrisburg (No. 5) 
coal bed. In Franklin County the 
drilled section extends from above 
the “Shoal Creek” limestone to the 
upper part of the Tradewater group 
down to a short distance below what 
is believed to be the Curlew lime¬ 
stone. In Madison County the ex¬ 
plored section extends from a short 
distance above the Carlinville (pos¬ 
sibly the same as the Shoal Creek) 
limestone to the La Salle (No. 2) 
coal bed. In Vigo County, Indiana, 
the strata explored extend from 
what is thought to represent the 
Shoal Creek limestone to Indiana 
No. Ill coal bed. In Lawrence 
County drilling started in the Penn¬ 
sylvanian beds some 200 to 250 feet 
above the “Shoal Creek” limestone 
and continued to the coal bed that 
probably represents the No. Ill coal 
bed of Indiana. 

The study of these diamond-drill 
cores and the information provided 
by the field and laboratory work in 
connection with the logging of ro¬ 
tary drill-holes suggest a few more 
or less significant generalizations 
and raises certain problems in re¬ 
gard to Pennsylvanian sedimenta¬ 
tion and succession in the Illinois 

coal field. 
1) The ‘ ‘ Shoal Creek ’ ’ limestone 

seems to be one of the most wide¬ 
spread limestone members of the 
Pennsylvanian strata within the 
area bounded by its outcrop. Its 
similarity from hole to hole in 
Franklin and Jefferson counties is 
remarkable, as is likewise the simi- 
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larity of the limestone in the cores 
with the limestone outcropping in 
the northern part of Washington 
County, northwest of Nashville. 
However, there are places in the 
central part of the Illinois Basin 
where, if present, it is not readily 
recognized. 

2) The Herrin limestone or cap- 
rock of No. 6 coal bed is probably 
the most widespread Pennsylvanian 
limestone in Illinois. It is also not¬ 
ably uniform in character, but in 
southwestern Illinois it takes on 
nodular structure not generally 
found elsewhere. But this limestone 
is not absolutely continuous, as wit¬ 
ness its common absence above the 
Grape Creek coal bed in Vermilion 
County, above the “Second Vein” 
in La Salle County, and in places 
in the thick coal area in Franklin 
County. 

3) All other limestones appear to 
have a fringe-like distribution with 
respect to the border of the deposi- 
tional area. The Cutler and Bank¬ 
ston limestones fringe the southwest¬ 
ern edge of the coal basin; the Lons¬ 
dale limestone fringes the western 
and northern and possibly also the 
eastern margins as the West Frank¬ 
lin limestone. 

4) Recent drilling has not yet 
produced final answers to the prob¬ 
lems of the relation of the Carlin- 
ville and Shoal Creek limestones, of 
the Millersville, the La Salle, and 
one or more limestones designated as 
Livingston and Shaw Point, of the 
Greenup and Omega limestones. Al¬ 
though the position of the Scottville 
limestone is definitely established as 
being between the Piasa and Carlin- 
ville in Macoupin county, none of 
the drilling in Madison, Bond, and 
Christian counties has penetrated a 
limestone at the position appropriate 
for the Scottville. It also appears to 
be one of the “fringe” limestones 
mentioned above. 

It .is probable that certain of the 
higher limestones of the McLeans- 
boro also have restricted “fringe” 
distribution. This appears to be the 
case for the La Salle, Shaw Point, 
Millersville, Omega, and Greenup, 
and possibly the limestone or lime¬ 
stones designated as the Livingston. 
In general, core drilling has not been 
so distributed as to penetrate the 
horizon of those higher limestones, 
and much uncertainty continues to 
exist about their relationships. 

5) Marine limestones are by no 
means always underlain by coal 
beds. Limestones with which coal 
beds are commonly associated are 
the St. David (No. 5 coal bed), Her¬ 
rin (No. 6 coal bed), Cutler (Cutler 
coal bed), and there are a number of 
others that are less well known. On 
the other hand, marine limestones 
with coal beds but a short distance 
above them are the Stonefort, Her¬ 
rin, Bankston Fork, and West 
Franklin; and others less well 
known. 

6) Special attention has been paid 
to the character of the strata inter¬ 
vening* between fairly widely spaced 
coal beds. This is the position in 
which erosion disconformities are 
most commonly found. However, it 
seems to the writer that the arrange¬ 
ment and relationship of beds just as 
often and, indeed more commonly 
except at certain positions, are indi¬ 
cative of complete transition in de¬ 
position from one coal bed to the 
next. The transitional succession 
most commonly and characteristi¬ 
cally proceeds downward from the 
nodular-bearing greenish-gray mas¬ 
sive clay-shale beneath the underclay 
of the coal bed to a greenish-gray 
clay shale also usually massive, con¬ 
taining frequent sideritic or calcar¬ 
eous veinlets, granules, or spongy 
masses of siderite or calcite or both. 
This in turn grades down into a 
greenish-gray shale at first faintly 
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and then more strongly interlami- 
nated with light gray or nearly 
white siltstone. The amount of silt- 
stone commonly increases downward 
and the interbedded or interlaminat- 
ed shale and siltstone is likely to dis¬ 
play ripple-marked, slumping, and 
marbleoid pattern. The shale also 
changes color from greenish-gray to 
gray. These beds may grade on the 
one hand into gray massive, mica¬ 
ceous coarse siltstone which gradu¬ 
ally become finer and finer, more 
fossiliferous, and more calcareous as 
the next coal bed is approached, or 
the transition may be to more 
sandy beds. Usually the change 
from these samty beds to the under¬ 
hung fine shale above the next coal 
bed is rather sharp, but evidences of 
erosion and basal conglomerates are 
the exception rather than the rule. 
In the drill-cores that have been ex¬ 
amined in the last three years, par¬ 
ticularly those in southern Illinois 
and Lawrence County, the sideritic 
massive greenish-gray clay shales 
may be included among the charac¬ 
teristic members of the Pennsyl¬ 
vanian succession along with the 
marine limestones, black sheety 
shales, coal beds, underclays, and 
underclay limestones; indeed they 
are almost as frequently encountered 
as the coal beds and underclays. 
When subjected to weathering these 
sideritic, massive, greenish-gray 
clay-shales exhibit little resistance 
and tend to disintegrate almost com¬ 
pletely. Hence their unweathered 
character is probably not commonly 
apparent in outcrop or distinguish¬ 
able from that of the overlying un¬ 
derclays. 

7) The conglomerates of the 
Pennsylvanian system are not wide¬ 
spread. These most commonly occur 
at or near the base of massive to 
somewhat crossbedded and more or 
less local sandstones, suggesting 
rapid deposition in fluctuating cur¬ 

rents. The larger fragments of the 
conglomerates are of various kinds 
of materials, but probably ironstones 
and shale blebs are the most common 
constituents, although limestone 
pebbles and coal shreds and frag¬ 
ments are also very common. Some 
conglomerates consist of a sandstone 
matrix in which may be embedded 
one kind of larger fragment of shale, 
coal, or ironstones, others are mix¬ 
tures. Not uncommonly the con¬ 
glomerate is very calcareous, being 
composed almost entirely of frag¬ 
ments of limestone embedded in a 
sandy but very calcareous matrix. 
Furthermore, some conglomerates 
are not basal in the sandstone section 
but appear as though floating in the 
sandstone formation. Usually the 
base of the conglomeratic bed, if it 
rests upon shale, appears to be un¬ 
even. At any rate, there is a sharp 
change from conglomerate to shale. 

It is usually not possible to identi¬ 
fy the source of the pebbles contain¬ 
ed in the conglomerates in the rocks 
penetrated in the cores. However, 
in a conglomerate penetrated in a 
drill-hole located in southern Jeffer¬ 
son County the pebbles scattered in 
the sandstone closely resembled the 
gray siltstone which was the member 
immediately underlying the sand¬ 
stone. In Jefferson County a thicken¬ 
ing of what is believed to be the An¬ 
vil Rock sandstone (which cuts down 
across the position of No. 6 coal bed) 
carries pebbles and shreds of coal in 
great quantity, forming a coal-sand¬ 
stone conglomerate at about the posi¬ 
tion of the coal bed. In southern 
Sangamon County, a recently drilled 
hole penetrated a boulder and frag¬ 
ments of coal in a sandstone at 
about the position of No. 6 bed. 
Spore analysis yielded spores char¬ 
acteristic of No. 6 bed. At about 
the appropriate distance below, the 
drill passed through No. 5 bed in 
normal position. 
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Conglomerates of the kind describ¬ 
ed seem to be most prevalent in a 
relatively narrow stratigraphic zone 
extending from a little above the 
Cutler, Piasa, Lonsdale, and West 
Franklin limestone zone to the base 
of the McLeansboro. Where a con¬ 
glomerate is found in the Anvil Rock 
sandstone it seems probable that the 
base of the McLeansboro may pro¬ 
trude into the upper part of the Car- 
bondale formation as a channel de¬ 
posit. 

Conglomerates of much the same 
kind are found occasionally but not 
commonly at other positions in the 
McLeansboro group, and it may be 
that it is only because so much of 
the drilling has been in the lower 
500 feet of the McLeansboro. Now 
that more holes penetrate strata 500 
to 800 feet above this coal bed, the 
picture may change somewhat. 

The Pennsylvanian conglomerates 
have more or less unique character¬ 
istics in two particulars. They are 
poorly sorted with respect to hard¬ 
ness : Limestone, ironstone, and 
shale pebbles or blebs are commonly 
found in the same conglomerate, un¬ 
sorted as to size or character. Sec¬ 
ondly, the components of the con¬ 
glomerate are commonly exceedingly 
irregular in form with a conspicuous 
angularity or aciculate form. This 
is particularly true in the case of the 
softer materials such as shales and 
coal. It seems strange that such an¬ 
gular soft material could have been 
transported even a few feet along 
with the sand with which it is asso¬ 
ciated without being entirely disin¬ 
tegrated. Shale fragments of this 
type would even today maintain 
their sharp edges only the briefest 
time if simply immersed in water 
even without agitation. Some con¬ 
glomerate consists of sandstone in 
which such fragments of coal or ir¬ 
regular pieces of shale have been 
suspended. 

The fact that the type of conglom¬ 
erate described is particularly com¬ 
mon in the lower part of the Mc¬ 
Leansboro gives some plausibility to 
a belief that special conditions ac¬ 
count for its peculiarities. Any 
postulated conditions that are suffi¬ 
ciently generalized to explain ordi¬ 
nary conglomerates without explain¬ 
ing their special concentration at the 
stratigraphic position would be un¬ 
satisfactory. Furthermore, it seems 
probable that unusual conditions 
which would result in the formation 
of the angular sedimentary con¬ 
glomerates of soft material would 
give rise to other phenomena, pecu¬ 
liar to the sedimentary beds of this 
same general period. 

8) Another of the mysteries of 
the Pennsylvanian succession in Illi¬ 
nois is the origin of the variegated 
shales. A useful stratigraphic in¬ 
dex of the general position of the 
No. 6 coal bed in southwestern Illi¬ 
nois is a group of variegated-reddish 
green, yellow, purple, and gray, 
clay shales lying 40 to 60 feet above 
the coal bed. Diamond-drill cores 
show that there is a good deal of ir¬ 
regularity in the exact position of 
these clay shales but they generally 
seem to be present near or at the 
position of the limestones known as 
the Piasa, Cutler, Lonsdale, and 
West Franklin. Whether or not 
these are the same or different lime¬ 
stones is still a moot question; thus 
far in the examination of drill-cores 
none lias been seen in which more 
than one limestone appears to corre¬ 
spond to one or other of these beds, 
but generally one such limestone is 
present. It is near such a bed that 
the red shale is usually found in 
Madison, Bond, Christian, Fayette, 
Randolph, and St. Clair counties, 
Illinois, and in Vigo County, Indi¬ 
ana. Variegated shale is also found 
in outcrop associated with the Lons¬ 
dale limestone in Peoria, Marshall, 
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and La Salle counties, and with the 
West Franklin limestone in the 
Evansville region of southern Indi¬ 
ana. Rarely such variegated shales 
are seen in cores from southern Illi¬ 

nois. 
It may be significant, in connec¬ 

tion with consideration of the Mc- 
Leansboro conglomerates described 
above, to note that the geographic 
distribution of the variegated shales 
corresponds closely with that of the 
conglomerates. Both of these phe¬ 
nomena may possibly be related to a 
common cause. At any rate the 
fact that there seems to be an asso¬ 
ciation of two unusual conditions 
stimulates the curiosity as to the 
possibility of there being others. 
Two others suggest themselves: The 
first is the fact that coal beds No. 6 
and No. 7, in the upper Carbondale 
and lower McLeansboro groups, re¬ 
spectively, are the only two coal 
beds of the Illinois Pennsylvanian 
that are conspicuously and persis¬ 
tently benched, pointing to the ex¬ 
istence during their accumulation of 
several interrupted but individually 
complete coal formation periods, and 
several periods, possibly equally 
long, when peat was not accumulat¬ 
ing. The second item of interest is 
the exceedingly irregular distribu¬ 
tion of the No. 7 coal bed. In gen¬ 
eral it is thickest in the northern 
part of the coal field but particularly 
in the northern part of Peoria and 
in western Marshall County and 
again in Vermilion County and in 

in the Illinois Coal Field 

certain parts of Indiana mainly 
north of Terre Haute, but even here 
it is quite irregular. It is not pres¬ 
ent in southwestern Illinois in Madi¬ 
son, Bond, and the western part of 
Christian County, and is irregular 
in Sangamon County. Whether this 
No. 7 coal of northern part of the 
coal basin is the same as the Cutler 
coal bed is uncertain. The distribu¬ 
tion of No. 7 coal bed in Vigo Coun¬ 
ty, Indiana, is very irregular, appar¬ 
ently mainly due to erosive cut-outs. 

The present brief paper can do 
little more than call attention to 
some of the peculiar aspects of Penn¬ 
sylvanian sedimentation and strati¬ 
graphic succession that have been 
discovered as a result of the study of 
diamond-drill cores during the last 
30 months. The stratigraphic zone 
represented by the lower part of the 
McLeansboro is one of particular in¬ 
terest. By no means all the pecu- 
larities of this zone have been enum¬ 
erated, and until at least the more 
obvious ones have been listed and 
described, their environmental con¬ 
ditions can not be understood. Each 
unusual feature promotes specula¬ 
tion and suggests one or more hy¬ 
potheses in explanation. Rarely are 
conditions more conducive for the 
operation of the multiple working 
hypothesis in developing a satisfac¬ 
tory theory of the Pennsylvanian 
sedimentation. It is an appropriate 
field of academic research in sedi¬ 
mentation, stratigraphic classifica¬ 
tion, and paleontologic and paleobo- 
tanic stratigraphy. 
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USE OF INTERNATIONAL BUSINESS MACHINE 

TECHNIQUE IN TABULATING DRILLING DATA1 

MARGARET A. PARKER 

Illinois State Geological Survey, JJrbana 

The International Business Ma¬ 
chines are primarily electrically 
operated accounting- machines, de¬ 
signed to reduce error and time in 
handling large and complicated fi¬ 
nancial records. 

The system is based on punching 
the data into cards which form a 
permanent record and which may be 
used to compile data in a variety of 
ways. 

There are three principal ma¬ 
chines: (1) a punch machine, on 
which the cards are prepared; (2) 
a sorter, which mechanically ar¬ 
ranges the cards in any desired or¬ 
der; and (3) a tabulating machine, 
which mechanically prints the data 
from the punched cards. 

The sorter handles 440 cards per 
minute, and the tabulator prints the 
data from the cards at the rate of 
80 cards a minute. 

All cards used in the Internation¬ 
al Business Machines are of the same 
size and kind of paper. There are 
80 vertical columns across the card, 
allowing one number or letter to be 
punched in each. Within a column 
there is space for twelve accurately 
located holes to be punched. The 
position of the hole or holes in any 
one column determines the number 
or the letter punched. 

When the punched cards are fed 
into any other machine, these holes 
permit electric contacts to be made 
which mechanically sort the cards, 
list the data, or reproduce the 
punched holes. 

The Coal Division of the Illinois 
State Geological Survey has adapted 
the use of these machines to facili¬ 
tate the handling of tabulated geo¬ 

logical data that accompany struc¬ 
tural contour maps. Thus it is pos¬ 
sible to assemble the necessary data 
for each datum point for use both in 
the preparation of the map and for 
publication. 

The information for use with 
structure contour maps is first writ¬ 
ten on the lower portion of the “log- 
record” card. Along the upper part 
of the card are the column headings 
for the information that is to be 
punched on the card. 

The card is then placed in an Al¬ 
phabetic Bunch machine, which has 
a keyboard similar to that of a stan¬ 
dard typewriter, and the data are 
launched into the card. Simultane¬ 
ously with the punching operation, 
the characters are printed along the 
upper edge of the card. The card 
shown in figure 1 has been punched 
from the information written on it. 

As the amount of information 
which can be punched on any one 
card is limited (by the number of 
columns in the card) to 80 charac¬ 
ters, it is frequently desirable to use 
more than one card for any one well 
record. In such a case, the first card 
shows the full location of the well 
by township, range, section, and 
fraction of section, the ground eleva¬ 
tion above sea-level, the year drilled, 
type of hole, total depth, county 
map number, company name and 
number, and the depth, altitude, and 
thickness of two coal beds. The sec¬ 
ond card repeats the location and 
county number but also gives the 
farm name and number and data re¬ 
garding two other formations. Ad¬ 
ditional cards that may be needed 
repeat only the location and county 

1 Published with the permission of the Chief, Illinois State Geological Survey. 
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Fig. 1.—Well log record card punched from handwritten data on IBM card. 

number (for identification), and 
give data on any additional two 
formations. Although the location 
and county numbers are punched on 
all the cards for each datum point, 
these items are printed only once 
when the data are listed. 

The cards are mechanically ar¬ 
ranged in the desired order by the 
sorting machine. This machine will 
sort, according to one column at a 
t:me, arranging the cards by the po¬ 
sitions of the holes in that column. 
Thus the cards when removed from 
the pockets of the machine will be in 
numerical order 0-9. Each letter is 
represented by two holes, so that the 
cards must be sorted twice on a col¬ 
umn in order to be arranged alpha¬ 
betically. 

Suppose we wish to tabulate data 
on 350 wells with two cards for each 
well, or a total of 700 cards. It takes 
about 25 minutes to sort all the 
cards by county number and by loca¬ 
tion in township, range, section and 
fraction of section. It takes another 
15 minutes to print the list. Each 
line of printing represents one card. 

The printing is done on the Alpha¬ 
betic Accounting machine or tabu¬ 
lator. The cards are placed in the 
upper hopper and pass one at a time 
between two sets of brushes and roll¬ 
ers which make the electric contacts, 
and then the cards emerge in the 
lower hopper. The electric contacts 

send impulses through the machine 
to a plugboard where they are con¬ 
nected by wires to the type bars. 

Figure 2 shows a list of tabulated 
data arranged by county number. 
Figure 3 shows a list from the same 
cards arranged by location. 

The data need not be printed in 
the same order in which it appears 
on the card or in these lists. This 
permits considerable flexibility in 
the use made of the cards. 

If the cards have been checked 
and are known to be correct, there 
is no further need to proofread these 
lists. 

These lists may be photographed, 
reduced, and planograplied for pub¬ 
lication. 

In addition to straight listing of 
data, this machine will add or sub¬ 
tract and print totals. It will omit 
certain punched data, enabling the 
same cards to be used for Survey 
lists and also for publication where 
confidential information is to be 
withheld. 

By using a reproducing punch 
machine, it is possible to take the 
correctly punched cards and me¬ 
chanically punch all or part of the 
information into a new set of cards. 
This is much faster than manual 
punching. 

For instance, we compile mechani¬ 
cally the data for use in preparing 
maps showing the interval between 
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two formations, by using our stan¬ 
dard “log record” cards. This is 
done by reproducing the location of 
the well and the elevations of all 

formations into a new set of cards 
containing one card for each well. 

The cards are then run through 
the tabulating machine which me- 
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chanically subtracts one elevation 
from another and prints a list show¬ 
ing for each well, its location and the 
interval from the No. 6 coal to each 

of the other formations. 
The machines can also be adapted1 

to handling chemical analyses of 
coals or other types of data. 
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PSYCHOLOGY AND EDUCATION 

96 

A FUNCTIONAL CONCEPT OF GUIDANCE 

LEE O. GARBER 

Lake Forest College, Lake Forest 

Educationists and psychologists 
have been advocating the necessity 
for guidance in the secondary school 
for so long that it comes as rather 
a shock to learn that a canvass of the 
situation reveals the fact that most 
secondary schools still have no defi¬ 
nite guidance programs. To dis¬ 
cover why this situation exists, a 
number of superintendents and 
high-school principals were consult¬ 
ed. Their responses indicate that 
while they are convinced of the ne¬ 
cessity for creating guidance pro¬ 
grams, they do not know what to do. 
They still look at guidance as a sep¬ 
arate program—something unrelat¬ 
ed to instruction. They look at it as 
an end in itself rather than as a 
means to an end. They express a 
willingness to create guidance pro¬ 
grams if they can employ specialists 
in guidance. In their absence, how¬ 
ever, they are at a loss as to what 
can be done. This is because the ap¬ 
proach to guidance has emphasized 
it as a separate program. It appears 
that what our secondary school ad¬ 
ministrators need is a functional 
concept of guidance, one that relates 
guidance to the school’s primary 
function, the imparting of instruc¬ 
tion. Possessed of such a concept, 
it is believed that most administra¬ 
tors would create adequate guidance 
programs. 

Among the many questions which 
they ask about guidance the follow¬ 
ing four are the most common: 
What is guidance? What condi¬ 
tions indicate a need for guidance? 
In case a guidance program is de¬ 

veloped, can members of the present 
staff act as advisors or counsellors? 
(In other words, What are the quali¬ 
fications of advisors and counsel¬ 
lors?) What are the duties of ad¬ 
visors and counsellors? In this pa¬ 
per, an attempt will be made to an¬ 
swer these questions, in turn, in the 
hope that out of their answers a 
functional concept of guidance will 
emerge. 

THE NATURE OF GUIDANCE 

In the final analysis, guidance is 
nothing new. It is as old as instruc¬ 
tion itself. It is too often thought of 
as something apart from, or at least 
something supplementary to, in¬ 
struction. Only too seldom is it 
identified with instruction. The 
term “instruction” has been so 
closed tied up with the idea of sub¬ 
ject-matter that its real connotation 
with respect to pupils is often over¬ 
looked. In the mind of the average 
individual it is considered as refer¬ 
ring to teaching some particular sub¬ 
ject. In this concept of instruction, 
guidance has no place as it becomes 
a thing apart from instruction. 
When the term “instruction” is so 
used as to place the emphasis on the 
pupil rather than the subject how¬ 
ever, as when used to refer to the 
teaching of pupils, guidance is con¬ 
ceived of differently. Immediately 
it becomes an integral part, a correl¬ 
ative of, instruction. This is the 
concept that teachers must accept. 
Teachers, acting as advisers, should 
not accept their duties as just other 
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tasks or burdens placed upon shoul¬ 
ders already bearing heavy loads. 

One might argue then, and with 
some validity, that guidance is a 
“fad or frill”—that it is only an¬ 
other name for what the school is 
now doing. This argument would 
be sound enough provided it might 
be assumed that the school is actual¬ 
ly doing what it has accepted in 
theory as its task. This assumption 
is not warranted, however, as the 
tendency has been to confound edu¬ 
cation with textbook learning. The 
high-school curriculum is still tradi¬ 
tional, and there is a tendency to 
measure education by the number of 
courses completed. This is the re¬ 
sult of the present plan of educa¬ 
tional organization. The setting up 
of a program of guidance is an at¬ 
tempt to change the plan or organi¬ 
zation in such a manner as to place 
the emphasis where it belongs, upon 
the pupil rather than upon the sub¬ 
ject. In other words, it is an at¬ 
tempt to make education functional. 

THE NEED FOR GUIDANCE 

A survey of the attitudes of chil¬ 
dren of any high-school reveals the 
need for guidance. If attitudes were 
always social and never non-social 
or anti-social, if they were al¬ 
ways intellectually correct, and if 
pupils were always properly condi¬ 
tioned emotionally, there would be 
little need for guidance. But high- 
school children often possess atti¬ 
tudes that are perverted. The school 
is society’s agency for developing 
ideals of good citizenship. It has 
not met its full responsibility when 
it restricts its efforts to the inculca¬ 
tion of aesthetic ideals, to the culti¬ 
vation of intellectual attitudes, and 
to the development of special abili¬ 
ties. 

The problem of guidance has be¬ 
come intensified as the result of fun¬ 
damental social changes. The indus¬ 

trialization of society and the tech¬ 
nological advances in agriculture 
have brought about a major reversal 
in the numerical relationship of the 
rural and urban population. As a 
result, children have been concen¬ 
trated in industrial and trade centers 
and have been released from produc¬ 
tive activities. They have found 
themselves in ever-increasingly large 
numbers in school with no other 
place to go and with nothing else to 
do. Frequently they have found the 
school inhospitable both in its or¬ 
ganization and in its offering. Con¬ 
ditions are favorable, therefore, for 
the development of perverse atti¬ 
tudes. 

Fortunately, education is under¬ 
going a change in both its philoso¬ 
phy and its emphasis. Modern edu¬ 
cation is shifting its emphasis from 
subject-matter to children. The 
school has come to look at the child 
as a living organism developing as a 
result of his interaction with his en¬ 
vironment. As long as the empha¬ 
sis was upon the subject-matter or 
the teacher, guidance was unknown. 
Now that education has shifted its 
emphasis to the individual, and now 
that education is thought of as a pro¬ 
cess of adjustment, the necessity for 
guidance becomes apparent. The 
educative process now becomes one 
of guiding the individual. And so 
guidance and true education be¬ 
comes synonomous, and guidance 
must be embraced as a means of 
making the work of the school func¬ 
tional. 

QUALIFICATIONS OF ADVISERS OR 

COUNSELLORS 

In any program of guidance, ad¬ 
visors or counsellors occupy the key 
position, and the success of'the pro¬ 
gram can be measured largely by the 
extent to which advisors are individ¬ 
ually successful. High-school ad¬ 
ministrators are generally agreed 
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upon this point. They believe that 
the greatest obstacle in the way of 
developing a satisfactory guidance 
program is the lack of suitable per¬ 
sonnel. The following question 
naturally suggests itself: Can any 
instructor become a successful ad¬ 
visor? The answer is simple: Yes! 
Provided that that instructor is, in 
the real sense of the term, a teacher. 

Guidance, as has already been 
pointed out, is not new. Many 
teachers—all those deserving of the 
title—have practiced guidance with¬ 
out so labelling it. The good teach¬ 
er has always been an advisor, 
whether he has realized it or not. 
The time is past when the best teach¬ 
er is considered to be that one whose 
students memorize the most facts. 
Today we consider the best teacher 
to be that one who is the most suc¬ 
cessful in assisting his pupils in de¬ 
veloping themselves. To do this 
successfully, he must perform the 
functions of an advisor. From this 
it may be concluded that the qualifi¬ 
cations of a successful advisor are in¬ 
cluded within those of a successful 
teacher. This means that the aver¬ 
age teacher must expand his concept 
of the teacher’s function, and that 
the teacher training institutions 
must do likewise. 

The successful advisor must have 
a thorough understanding of the aim 
of the guidance program. This must 
necessarily be based upon an under¬ 
standing of the philosophy which 
generates the program. An under¬ 
standing alone is not sufficient, how¬ 
ever. It is the attitude of the ad¬ 
visor which'accompanies this under¬ 
standing that is important. The ad¬ 
visor must be sympathetic to the 
program. 

It may be well to add that the ad¬ 
visor should be more than sympa¬ 
thetic with what is attempted—he 
should be enthusiastic about it. As 
so often happens in teaching, many 

individuals fail as advisors because 
of this lack of enthusiasm. 

This list of qualifications is not 
intended to be all-inclusive. It in¬ 
cludes only those which are gener¬ 
ally considered to be the most im¬ 
portant. The successful advisor 
must undoubtedly possess other 
qualifications, but any teacher in 
possession of those just enumerated 
has little to worry about in respect 
to his becoming a successfud advisor. 

DUTIES OF ADVISORS AND COUNSELLORS 

The duties and activities of ad¬ 
visors grow out of the aims of guid¬ 
ance. What the advisor does, or 
what he should do, must necessarily 
be determined by the goals he is at¬ 
tempting to attain. 

Any plan of guidance is, in part, 
an administrative device created for 
the purpose of bringing matters of 
administrative import to the atten¬ 
tion of pupils who can be influenced 
much more easily in small groups 
than through the medium of large 
assemblies or bulletin boards. From 
this it follows that one of the duties 
of advisors is to bring administra¬ 
tion and pupils into closer coopera¬ 
tion. It is through the advisor that 
each obtains the point of view of the 
other. 

Again, the guidance program 
should aim at the development of the 
proper relationships between teach¬ 
ers and pupils. This was discussed, 
in part, in the preceding paragraph, 
but is much broader than indicated 
there. If guidance is to result in the 
development of this relationship, it 
will be because the advisor assumes 
certain duties efficiently. Pupils will 
follow the leadership of someone 
who shows an interest in them, but 
one who does not will be forced to 
drive his pupils rather than lead 
them. High-school pupils are par¬ 
ticularly clever in detecting sham. 
The interest of advisors should be 
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demonstrated in all school activities. 
Likewise, the interest of advisors 
must carry outside the school into 
the life-activities of pupils. The 
ideal relationship between advisor 
and pupil is one characterized by 
mutual respect and confidence. Such 
respect and confidence are develop¬ 
ed, largely,'as the result of under¬ 
standing. Understanding will fol¬ 
low interest. An advisor should as¬ 
sume, as part of his duties, any re¬ 
sponsibility that results in demon¬ 
strating to pupils his interest in 
them. 

The guidance program, as has al¬ 
ready been stated, is aimed at indi¬ 
vidual adjustment. In attempting 
to attain this aim, the advisor per¬ 
forms one of his most important 
functions. The task of providing 
individual guidance involves a num¬ 
ber of specific duties. This is a more 
or less routine task but its import¬ 
ance cannot be over-emphasized. 
The extent to which guidance is sat¬ 
isfactory is determined in part by 
the extent to which the advisor’s 
data are complete. To advise prop¬ 
erly one must necessarily be possess¬ 
ed of as complete a case history as 
possible. Advisors must always be 
on the alert to discover new facts 
about pupils. The technique of 
counseling is important. Each ad¬ 
visor. must develop his own tech¬ 
nique, however, he must experiment 
until he discovers one that is satis 
factory for him. Certain general- 
rules should be followed, of course. 
The advisor should be possessed of 
facts, he should be sympathetic, and 
both he and the advisee should be in 

the proper frame of mind. Beyond 
this his technique should be individ¬ 
ual. If the advisor, however, has 
the interest in his work and in his 
pupils that he should have, if he is 
enthusiastic, and if he has the con¬ 
fidence of his pupils he need worry 
little about the development of a 
proper technique. The advisor 
should be on the alert for situations 
demanding guidance and should 
provide it where necessary. He 
should conceive of guidance in its 
broadest sense as covering education¬ 
al, vocational, social, and health 
matters. 

SUMMARY 

Guidance is too often thought of 
as a new function, recently added to 
those .previously accepted by the 
secondary school. Such is not the 
case. The development of a guid¬ 
ance program is only the creation of 
a new device for the attainment of 
an old function. Its aims are to be 
found in those of education in gen¬ 
eral. It is only another means of 
attempting to make education func¬ 
tional. Changing conditions and a 
changed attitude toward education 
have necessitated the creation of ad¬ 
ditional ways of attaining previous¬ 
ly recognized goals. With this con¬ 
cept of guidance clearly in mind, it 
is evident that the duties which a 
guidance program imposes upon 
teachers are not new ones but are 
the same as those that the best 
teachers have always accepted. The 
guidance program creates a situation 
in which these duties can be most 
efficiently performed. 
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ORIENTATION IN A TEACHER-EDUCATION PROGRAM 

J. M. HUGHES 

'Northwestern University, Evanston 

In developing the new undergrad¬ 
uate teacher-education program at 
Northwestern University, which was 
inaugurated in the fall of 1945, con¬ 
sideration was given to the relative 
emphasis which should be given to 
orientation. After carefully analyz¬ 
ing a number of studies on college 
orientation courses, the books pre¬ 
pared to serve as texts in such 
courses, and the efforts of other uni¬ 
versities to provide.such courses, it 
was concluded that the two princi¬ 
pal aims responsible for offering 
such courses, namely, that they give 
the student perspective and afford 
teachers a basis for guidance, could 
be achieved through a complete, 
well-balanced curriculum in which 
courses specifically dedicated to 
“orientation” were not offered. 

As the new program was finally 
worked out, study is divided into 
unit courses, and the four-year 
teacher-preparation program is com¬ 
prised of sixteen units. Eight of 
these are of the “integrated” type. 
In other words, they are concerned 
with large cultural areas, cut across 
traditional subject-department lines 
and utilize a staff of instructors rep¬ 
resentative of the best scholarship in 
their respective fields. At the com¬ 
pletion of his four-year program of 
study, the student will have had an 
opportunity to develop broad under¬ 
standings and skills. He will be “at 
home” in his physical world and in 
his social environment, equipped to 
seek his fullest possible self-expres¬ 
sion in literature, philosophy, music, 
the arts, and scientific exploration. 

Organization of the teacher-educa¬ 
tion program at Northwestern, then, 

reflects the viewpoint that orienta¬ 
tion is not something which begins 
and ends at a certain time in a stu¬ 
dent’s life or can be pigeon-holed. 
It is a continuous process. Nor is it 
something which the student can 
achieve under the guidance of a 
single person or a small group of 
faculty persons. It requires a num¬ 
ber of teachers and it calls for 
teachers who have scholarly compe¬ 
tence equivalent to that possessed by 
those who teach most advanced 
courses in a given field. 

As students who enter the teacher- 
education program have made edu¬ 
cation their professional choice, their 
problem differs from that of other 
entering college students in that they 
need specific orientation to this defi¬ 
nite professional area. Such orien¬ 
tation should be continuous and 
should be a part of the entire four- 
year program, just as orientation to 
other large cultural areas is achieved 
through the liberal education aspects 
of the whole four-year program. It 
follows, then, that professional train¬ 
ing should begin in the freshman 
year and continue throughout the 
entire college career. Adequate pro¬ 
fessional orientation is basic to reali¬ 
zation of maximum potentialities in 
college life. 

In designing the freshman profes¬ 
sional course at Northwestern, the 
more accepted principles of curricu¬ 
lum construction serve as guides. 
Factors of motivation are capital¬ 
ized. The course requires the serv¬ 
ices of a group of instructors, so it 
is organized in a logical sequence of 
units to provide maximum continu¬ 
ity. The objectives for each unit 
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are stated in clear-cut terms, and the 
content and learning experiences are 
carefully selected to realize these ob¬ 
jectives. Materials are screened so 
that only that which is relevant and 
significant to the student is included. 

■ Applications are concrete and consti¬ 
tute a logical part of each unit. Wide 
varieties of methods and aids are em¬ 
ployed. Early analysis of the needs 
of each individual student forms the 
basis for immediate remedial treat¬ 
ment. Finally, complete records of 
the activities and effectiveness of 
each unit are made as a guide to 
future offering of the course. 

The year’s professional study, 
'called ‘ ‘ An Introduction to Personal 
and Professional Development,” be¬ 
gins with a consideration of those 
needs which are occasioned by the 
student’s adjustment to a new insti¬ 
tutional environment. This involves 
an acquaintance with the university 
community, the wider community in 
which it is situated, some of their 
resources, and how they may best be 
utilized by the student. Emphasis is 
placed on assisting students to meet 
individual needs in such areas as 
health, recreation, and communica¬ 
tion. 

This year’s course is planned from 
the viewpoint that,, when a profes¬ 
sional course is developed in terms of 
the personal and professional needs 
of students, a wide variety of meth¬ 
ods and aids must be employed, 
which, in turn, makes it necessary 
that a representation of specialists 
participate in the instruction. The 
course is planned by specialists and 
representative specialists teach it. At 
Northwestern, three professors rep¬ 
resenting teacher education, child 
development and reading and health 
education constitute the directing 
committee present at every class ses¬ 
sion during the first two quarters. 
This committee, augmented by spec¬ 
ialists in such fields as visual aids, 

personal poise and appearance, nu¬ 
trition, occupational information and 
speech, plans the year’s sequence 
and teaches the major portion of the 
first two quarters. 

Since one of the basic needs of 
freshmen who are planning to enter 
teaching is in the field of oral com¬ 
munication, the third quarter of the 
year’s course is devoted solely to 
building speech competencies. Stu¬ 
dents are placed under a professor 
of speech education. He has assisted 
in developing the course during the 
first two quarters, has worked suf¬ 
ficiently with the students to be 
cognizant of their speech needs, and 
has access to the resources of the 
School of Speech in meeting these 
needs. 

The plan of the teacher-education 
program at Northwestern has been 
favorably received by the profession, 
and it seems that there is consider¬ 
able agreement upon the validity of 
the approach. It reflects a trend in 
teacher education anticipated by the 
National Survey of Teacher Educa¬ 
tion published in 1933 and by later 
publications such as the Harvard 
Report on General Education in a 
Free Society. 

Our experience with the new pro¬ 
gram leads us to the conviction that 
a teacher-education program plan¬ 
ned in terms of segmented courses 
with student electives, and in which 
perspective is given through orienta¬ 
tion courses, is less effective than a 
program planned in terms of areas, 
with students’ choice limited mainly 
to the selection of teaching fields, but 
with individual needs of students 
recognized within the units. Thus, 
for instance, the Northwestern pro¬ 
gram sets aside a block of time—one- 
fourth a year’s work—to be devoted 
to “The Fine Arts”. Within this 
unit the individual needs and capa¬ 
cities of each student are recognized, 
but no student is permitted to omit 
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study in an area which is calculated 
to develop those intellectual and 
aesthetic resources that are encour¬ 
aged by acquaintance with philoso¬ 
phy and the arts, and which hence 
is deemed essential to providing ade¬ 
quate perspective. Thus, teachers 
receiving this preparation will not 
be in the position of the two-thirds 
of public school teachers which the 
National Survey of Teacher Educa¬ 
tion showed had had no training in 
fine arts either in college or high 
school. 

experience with the new 
teacher education program at North¬ 
western University leads to several 
convictions. Offering courses de¬ 
signed to fulfill the broad, general 
objective of “orientation” is less 

adequate and effective in meeting 
needs of students than offering units i 
of work which are designed to care j 
for different aspects of the orienta¬ 
tion needs and in varying degrees. 
By designing a complete program to 
develop the specific competencies and 
understandings which are character¬ 
istic of the cultured citizen and the I 
successful teacher in a given field, j 
the need for orientation will be sat¬ 
isfied without more specific atten- j 
tion. Orientation cannot be achieved i 
through a single course or even in 
the teaching of a single department.; 
It can be fully achieved on]y through 
a well-planned total teacher educa¬ 
tion program in which the many 
agencies of a university are coordi¬ 
nated to discharge fully the teacher 
education function. 
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A PROPOSED SCIENCE CURRICULUM FOR THE 
PUBLIC SCHOOLS 

DOUGLAS E. LAWSON 

Southern Illinois Normal University, Carhondale 

The results of numerous research 
investigations and the examination 
of several hundred courses of study 
in science, show the following facts: 

Fact 1.—The science curriculum 
of the American schools historically 
has been based upon three question¬ 
able hypotheses: (a) That through 
science study, the human mind can 
be strengthened in its innate ‘ ‘ facul¬ 
ties” or capacities; (b) that the best 
values of science teaching are clas¬ 
sical rather than utilitarian; and 
(c) that the chief immediate func¬ 
tion of science in the high school is 
that of pre-professional or college- 
preparatory training. 

Fact 2.—The majority of students 
in the schools of America tradition¬ 
ally have been unable to profit in any 
large degree from the classical type 
of science curriculum. This for three 
reasons, namely : (a) The curriculum 
was too difficult for those within the 
normal span of native intelligence; 
(b) the program was poorly allied 
with the apperceptional background 
and the real needs of the students; 
and (c) the methods of teaching were 
sometimes—though not always— 
faulty. 

Fact 3.—As a result of the hold 
that classical and traditional values 
and methods have had upon the 
schools, the modern science curricu¬ 
lum in most schools is still anachron¬ 
istic, marking a distinct hysteresis 
between social needs and educational 
planning to meet those needs. 

Fact 4— Although some of the 
burden of responsibility must rest 
with the teachers of science them¬ 
selves; some of it with the lethargy 

of public opinion; and some of it 
with the college professors who have 
written the science textbooks and de¬ 
termined the college entrance re¬ 
quirements, a large share rests with 
the inertia and lack of social vision 
among public school administrators 
and their boards of education. 

So much for the facts that are 
chiefly historical. Some facts in¬ 
dicative of the future may perhaps 
be stated somewhat as follows: 

Fact 1.—There appears to be some 
hope that the near future will see a 
really substantial financial support 
for science teaching, with adequate 
funds for plant facilities, laboratory 
equipment, and teaching staffs. 

Fact 2.—In the present, we are 
experiencing a transition from clas¬ 
sical and pre-professional objectives 
to the utilitarian or vocational-do¬ 
mestic objectives. But the present 
chaos is so complete that one needs 
merely examine a few dozen courses 
of science from American high 
schools to see that any clear-cut and 
universally acceptable statement of 
objectives—to put the matter poeti¬ 
cally—will likely be a long time 
a-borning. The fact was clearly 
pointed out by the Committee on the 
Function of Science in General Edu¬ 
cation1 ; and in the subsequent eight 
vears the situation has improved but 
little. 

Fact 3—The trends in curriculum 
indicate a significant movement now 
under way to integrate science with 
numerous areas of human living. The 
evidence is in such courses as those 
dealing with the science of home sani¬ 
tation ; the chemistry of cooking; the 

1 Progressive Education Association, Report of the Committee on the Function of Science in 
General Education, pp. 13-17. New York: D. Appleton-Century Co., Inc., 1938. 
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relation between physiology (espe¬ 
cially endocrinology) on the one 
hand and human personality and be¬ 
havior on the other; courses in auto¬ 
mobile mechanics; science applied to 
home nursing; the science of agricul¬ 
ture and horticulture; science in re¬ 
lation to marriage, eugenics, child 
care, pre-natal care, etc.; science in 
courses on consumer purchasing and 
propaganda analysis; home build¬ 
ing ; home making, and the like. One 
looks in vain through school reports 
of half a century or a century ago 
for such courses. By contrast, the 
courses were highly regimented. The 
content was encyclopaedic knowledge 
to be memorized. There were vast 
lists of scientific classifications. But 
there was very little laboratory ex¬ 
periment and—except for the ex¬ 
amination of so-called natural objects 
—little activity of any kind and al¬ 
most no integration whatsoever. Per¬ 
haps the apex of classical terminol¬ 
ogy was reached with Boston’s pro¬ 
gram for 1870, in which was listed 
a course that may have been physics 
or mathematics or both. Taught in 
grade twelve, it was called ‘ ‘ The 
Theory of Indeterminates of the In¬ 
finite and the Infinitesimal of Imag¬ 
inary Quantities.”2 

Fact 4.—The fourth fact in evi¬ 
dence is a corollary of the third. The 
high school in particular, once con¬ 
sidered as the seed-bed for each 
year’s crop of college freshmen, has 
at last recognized the fact that 75 or 
80 percent of high-school graduates 
will not go to college.3 The college 
entrance requirements are beginning 
to lose their dominant influence upon 
the high-school curriculum; and the 
science program, partially freed 
from these bonds and partially im¬ 
pelled by the obvious needs of the 

mass of students, is beginning to de¬ 
scend from its ivy-covered tower to 
work in the home, the machine shop, 
the garage, the farm fields, the nur¬ 
sery, and even in the kitchen. This 
fact does not mean that science has 
deserted the high prerogatives of 
speculative investigation into the 
nature of the cosmos or the search for 
eternal verities and respectable prin¬ 
ciples. But it does mean that that 
part of its offering which makes up 
the public school curriculum at last 
is being measured in terms of the 
most probable and best life needs of 
the students. It means that speciali¬ 
zation is at last being left to the col¬ 
leges and the institutes and to the 
technological and scientific founda¬ 
tions. 

With these facts now as a back¬ 
ground, there is a temptation to pro¬ 
ject a future curriculum for pur¬ 
poses of contrast. Such prediction 
is perhaps a combination of measur¬ 
ing the trends and of expressing a 
hope. The latter part may be per¬ 
missible if it rests upon reasonable 
probabilities. 

For such a contrast, then, let us 
point to the requirements in science 
recommended by the Committee on 
the Course of Study of the National 
Education Association of 18764. For 
the years of elementary education it 
recommended geography and some 
oral lessons in natural philosophy 
and natural history. That was all. 
And for the high school it recom¬ 
mended natural philosophy, chem¬ 
istry, physics, botany, zoology, and 
physiology. That was 1876. 

Now, the following program, it 
may be hoped, will be typical for the 
school by 1976. And it is proposed 
only after most careful examination 
of present trends, the opinions of 

2 Annual Report of the School Committee of the City of Boston, 1S70, p. 309. Boston: 1871. 
3 Gwvnn shows 22% going to college (Gwynn, J. Minor). Curriculum Principles and Social Trends, 

p. 347. New York: Macmillan Co., 1943. 
4 National Education Association, Journal of Addresses and Proceedings, pp. 58-68. For the year 

3876. 
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competent curriculum specialists, 
and the reports of many investiga¬ 
tions which have inquired into the 
needs of growing boys and girls in 
the present social order. 

I. For primary grades: 
Nature study of local flowers, 

birds, trees, resources, and 
weather phenomena; 

Health factors and practice in 
diet, cleanliness, and sickness 
prevention; 

Local science and industry, 
with excursions to dairies, 
museums, farms, mines, 
lakes, forests, rivers, factor¬ 
ies, etc.; 

Beginning of botany and zool¬ 
ogy through school gardens, 
excursions, the raising of 
pets; collection, of speci¬ 
mens ; 

Home science in practice of 
safety, simple cooking, sani¬ 
tation; and introduction to 
costs and values of food and 
clothing. 

II. For upper elementary grades 
and junior high: 
Geography in integrated units 

with geology, botany, his¬ 
tory ; 

Botany and zoology through 
field excursions; study and 
collection of specimens; be¬ 
ginning of textbook study; 

Geography through integratibn 
with agriculture on school 
farm; experiment with study 
of soil, erosion control, etc.; 

Human biology and physiology 
begun through study of 
health; elementary genetics; 
laboratory work in diet, 
cooking, sanitation, child 
care, and consumer purchas¬ 
ing—all in school home eco¬ 
nomics and nursery depart¬ 
ments or in school cottages 
especially equipped; 

Chemistry through integration 
with home economics in lab¬ 
oratory study of foods, tex¬ 
tiles, woods, varnishes, 
paints, cleaning compounds, 
and other common articles of 
home consumption; 

Chemistry and health inte¬ 
grated in study of local 
sources of water and milk 
supply, home cooking and 
canning, diet, bacterial anal¬ 
yses, and pest control; 

Astronomy through observa¬ 
tion and beginning textbook 
study; 

Home mechanics integrated 
with general home planning, 
design, manual training, in¬ 
dustrial design, home repair; 

Automobile mechanics and ele¬ 
mentary physics through 
shop work in specially equip¬ 
ped industrial shops of the 
schools; 

Health and mechanics inte¬ 
grated in safety education, 
analysis and correction of 
hazards in the home; organi¬ 
zation of safety patrols; 

Agriculture, geography, and 
geology integrated with zo¬ 
ology, horticulture, and bot¬ 
any in experience program 
with school farm, involving 
stock raising, seed selecting 
and hybridization, pest con¬ 
trol, conservation, reforesta¬ 
tion, etc. 

III. For grades 9-12: 

Required: human biology, in¬ 
cluding genetics; physical 
and mental health. 

Alternate or elective: all other 
areas of science, with the un¬ 
derstanding that any course 
will be offered for which 
there is demand by sufficient 
students to comprise a class. 
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In curriculum planning* for the sci¬ 
ence program, both in the required 
and alternate courses ( but not in the 
free electives), a formula can be es¬ 
tablished to determine whether any 
particular fact or skill should be re¬ 
quired. The formula may be stated 
as Utility plus One, the “One” being 
either universality of use, frequency 
of need, or cruciality of need. This 
simple formula for these courses can 
be applied as the criterion for every 
single element of the science cur¬ 
riculum, every item of every text¬ 
book, and every skill taught in the 
laboratorjr. Let us apply the for¬ 
mula, for example, to Newton’s fa¬ 
miliar law. Is this law useful—does 
it have what we call ‘ ‘ Utility ’ ’ ? Un¬ 
doubtedly it has. Then we must ask, 
Is this knowledge such as to be uni¬ 
versally needed? That is, is it used 
by the butcher, the baker, and the 
candlestick maker? Apparently not; 
but it can still be justified if it has 
frequency of need by the majority 
of people. But it does not have. 
Then, does it have cruciality ? Again 
the answer is no. So, though it does 
have utility, it will not be required. 

By contrast, certain facts about 
automobile driving would be re¬ 
quired because they meet the criter¬ 
ion of universality. Some facts of 
first-aid would be required because 
of cruciality. 

The protest is often made that these 
newer trends in the science curricu¬ 
lum introduce materials of learning 
that are not academically respec¬ 
table. The answer is simply that 
anything which adds to human hap¬ 
piness is academically respectable. 
Anything that reduces human drudg¬ 
ery in the kitchen, on the farm, in 
the factory, or elsewhere; anything 
that reduces sickness, injury, super- 
stitution, gullibility, wastefulness, 
and other sources of human misery— 
anything, in short, which takes the 
child where he lives and improves his 

health, citizenship, vocational com¬ 
petence, personality adjustment, or 
worthy use of leisure time, is, ipso 
facto, respectable. Without class 
distinction, the new program moves 
toward the ultimate goal of all liv¬ 
ing, the goal of human happiness. 

Science should be a part of the 
work of all elementary grades and 
of from two to four years of the high 
school. 

The objectives for the teaching of 
science should be: 

1. To develop skills and acquire 
habits and knowledge of science that 
will function immediately and in the 
ordinary lives of all students; 

2. To develop appreciation of the 
full part played by science in our 
changing technological and social 
order; 

3. To develop appreciation of the 
method of science as involving con¬ 
trol of variables, freedom from pre¬ 
judiced observation, cautious accur¬ 
acy, the withholding of judgment, 
and the exact use of principles; 

4. To develop appreciation of sci¬ 
entific development as a heritage 
from the labors of many men and 
generations of men; and a sense of 
responsibility socially in putting the 
resources of science to desirable uses; 

5. To acquire a utilitarian mas¬ 
tery of the specific science skills most 
commonty needed in such frequent 
or crucial situations as involve health 
habits; safety; food; consumer pur¬ 
chasing; automobile mechanics; vo¬ 
cations; recreation ; household man¬ 
agement; and the obtaining of ac¬ 
curate information and profession¬ 
ally competent advice; 

6. Recognition of science as the 
essential avenue of civilized man in 
his long search for truth; and, con¬ 
sequently, an ideal which holds, as 
essential for human progress, the 
rights of free scientific inquiry at all 
costs and the dissemination of sci¬ 
entific evidences of whatsoever kind. 
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INTERESTS AND CHOICE OF TEACHING FIELD 
STANLEY S. MARZOLF 

Illinois State formal University, normal 

Personnel practices of colleges for 
many years have involved the use of 
intelligence tests, reading tests, and 
other achievement tests. Many inves¬ 
tigations, using the data provided by 
such tests and revealing significant 
aspects of college populations, have 
been reported. Only recently have 
schools begun to use measures of in¬ 
terest as a part of the procedure for 
evaluating incoming freshmen. At 
Illinois State Normal University we 
have been using the Kuder Prefer¬ 
ence Record for two years. This is 
a report of an exploratory investiga¬ 
tion of the results. 

Only the data for the freshmen 
who entered in September 1944 have 
been tabulated and made available 
for interpretation. Owing to the ir¬ 
regular entrance of students this past 
year, including late registration, an 
unusually heavy second semester reg¬ 
istration, and even a mid-semester 
registration to accomodate veterans, 
the administration of the Preference 
Record to all freshmen entering dur¬ 
ing the current year is not yet com¬ 
plete. The 279 students whose scores 
are presented do not represent all 
freshmen of last year; for a number 
of reasons the inventory was not ad¬ 
ministered to about 20 of them. Vir¬ 
tually all of them are women, so no 
effort has been made to take sex dif¬ 
ferences into account. Since the 
data are presented in terms of cen- 
tiles for the appropriate sex, any dis¬ 
tortion which might result from not 
separating the sexes is largely re¬ 
moved. 

The main purpose of this investi¬ 
gation is to discover what differences 
there are between the interests of the 
students in the several divisions or 
curricula into which they are segre¬ 

gated. We have 17 divisions from 
which entering students must make 
a selection. They may choose to be 
elementary teachers, teachers of agri¬ 
culture, industrial arts, music, sec¬ 
ondary school teachers of English, 
Latin, biology, or chemistry, or any 
one of several others. This is of 
course their major field. They choose 
also minor fields of preparation. This 
study is concerned only with the 
choice of major fields. 

Before considering the particular 
curricula, knowledge of the interest 
distribution of the group as a whole 
is desirable. This information is 
shown in Figure 1. The Kuder cate¬ 
gories are listed across the top and 
are as follows: mechanical, compu¬ 
tational, scientific, persuasive, artis¬ 
tic, literary, musical, social service, 
and clerical. The centile scale is 
given at the side. The longest line 
under each category heading indi¬ 
cates the range, the heavier, shorter 
line, the inter-quartile range, and the 
horizontal line the median centile. 
The centile scores provided with the 
Kuder Profile Sheet are based upon 
515 college students. 

That Illinois State Normal fresh¬ 
men cover the full range in every 
category is the first observation that 
may be made from the chart. The 
distributions in the majority of the 
categories do hot differ very much 
from the normative group. In two 
categories there is a marked differ¬ 
ence, namely the persuasive which is 
noticeably low, and the social service 
which is distinctly high. The median 
centile for the persuasive distribu¬ 
tion is 23.2 and for the social service 
is 76.4. It is unlikely that these 
deviations, each approximately equal 
to Q, are attributable to chance. 
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Fig. 1.—Distribution for all freshmen. 

Satisfaction of a desire to render 
service to society is a large untaxable 
portion of the teacher’s income, so 
it is fortunate that our students have 
so much of this interest to be sat¬ 
isfied. 

The salesman or public relations 
person is most typical of one having 
high persuasive interest. It is clear 
that our students are not interested 
in selling, at least in the narrow 
sense of the term. Whether an in¬ 
terest in selling ideas to students is 
related to the persuasive category 
is unknown. We cannot say that 
this low persuasive interest is un¬ 

desirable. If these data permit any 
generalization of any sort, they are 
worth the conjecture that the teach¬ 
er 7s relatively underrated role in the 
community may result in part from 
too little persuasive interest. 

All of the usual cautions that must 
be observed in dealing with central 
tendencies must be observed. There 
is a full range of interest in all the 
categories: the data show the cen¬ 
tral tendency only. 

Of the 17 divisions already men¬ 
tioned, special attention is given 
chiefly to those in which the largest 
number of freshman students are 
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enrolled. These are business educa¬ 
tion, with 55; elementary, with 45; 
and home economics, with 41. 

The median interest scores of the 
business education freshmen are 
shown in Figure 2. The heavy line 
connects these median interest cen- 
tiles, while the dotted line connects 
the medians of all other freshmen. 
The most significant feature of this 
chart is markedly higher clerical in¬ 
terest shown by the freshmen of this 
group. The difference between the 
means is significant at the one per 
cent level. This difference is in a 
direction we should expect. Inas¬ 

much as the business education cur¬ 
riculum includes accounting, the de¬ 
gree of computational interest is also 
of special concern. The median com¬ 
putational interest is found to be 
higher for these students than for 
other freshmen, and the difference, 
though not so large as in the case of 
the clerical, is statistically significant 
at the one per cent level. The busi¬ 
ness education students have a med¬ 
ian social service interest which is, 
lower than the median for other stu¬ 
dents, but the difference is not statis¬ 
tically significant. Other interests do 
not differ greatly from those of the 
other students. 
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The profile of median interests of 
the freshmen enrolled in the elemen¬ 
tary curriculum is shown in Figure 
3. The data are represented in the 
same way as in the preceding chart. 
In addition to the medians of the ele¬ 
mentary students, and other fresh¬ 
men, the median centiles of 20 ele¬ 
mentary teachers, provided by 
Kuder, are shown by the small trian¬ 
gles. There are large and very prob¬ 
ably significant differences between 
the elementary teachers and the 
prospective elementary teachers in 
the art and literary categories. This 
latter difference is especially note¬ 
worthy, since our elementary fresh¬ 
men are lower in literary interest 

than other entering freshmen. The 
difference is statistically significant 
at the one per cent level. The higher 
median social service interest shown 
by the elementary students is not 
significant even at the five per cent 
level. 

Figure 4 shows the median cen¬ 
tiles for the 41 home economics stu¬ 
dents. The most noticeable feature 
of this chart is the close similarity 
of these students to other freshmen. 
Only at three points is there much 
difference, namely the lower liter¬ 
ary and persuasive interests of the 
home economics students, and their 
higher social service interest. Only 
this latter deviation reaches or ex- 
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ceeds the five per cent level of sig¬ 
nificance, and it is at the one per 
cent level. 

In Table 1 are shown a number of 
interesting data. In the first 
column is shown the distribution of 
interest centiles of 20 mathematics 
majors on the computational scale. 
As should be expected and desired, 
all are better than average. It is 
of course possible that one might be 
deeply interested and competent in 
mathematics without enjoying com¬ 
putation, for the latter is not the 
essence of advanced mathematics. 
However, it does occupy a great 
part of the time and effort of public 
school mathematics. In the second 

column, the rank of 10 music stu 
dents on the music interest scale 
is shown. All of them are very 
high. It is also more certain that 
a high interest in music is required 
for those entering this curriculum, 
than it is that computational interest 
is necessary for mathematics ma¬ 
jors. The third column shows the 
artistic interest of five art students. 
It is most likely that the same rela¬ 
tion between interest and curricular 
choice holds here as obtains in 
music. We can only wonder about 
the person who is represented at the 
bottom of the scale. The English 
students’ literary interests are de¬ 
picted in the fourth column. It is 
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Table 1.—Interest Related to Particular Curricula 

Math. Music Art English Speech 

Centile (Comp.) (Music) (Artistic) (Liter.) (Persuasive) 

90 9 . 3 9 4 8 

80 9 . 5 1 6 

70 9 . 5 4 2 

60 9 . 3 
‘i 50 9 . 4 1 

40 9 . i 
30 9 . ' i l 

20 9 . 
10 9 . ’ i 9 . ’ i i 

Total . 20 10 5 21 6 
1 1-• 

quite true that one may enroll in 
the English curriculum solely be¬ 
cause of interest in grammar and 
usage for its own sake, but is doubt¬ 
ful if one should, since English 
teachers are expected to develop 
literary appreciation. It is further 
questionable whether grammar and 
usage should be enjoyed for their 
own sakes. It is possible that these 
students enrolled in the English cur¬ 
riculum have become so because of 
reasons totally unrelated to the sub¬ 
ject matter of this area. Finally, 
in the last column is shown the 
persuasive interest ranks of six 
speech majors. Surprisingly enough 
there is no one with an unusually 
high persuasive interest. Can it be 
that these students have entered 
this curriculum because of other than 
forensic activities: perhaps speech 
correction? This is possible and we 
should not expect these people to 
have or need high persuasive in¬ 
terest. 

In this table we have presented 
data which show problems of cur¬ 
ricular choice which need further 
investigation. There is no clear 
judgment in every case as to 
whether students are properly or 

improperly placed. It is possible, 
however, that some of them are. 
Data of this kind should be studied 
with a view to more satisfactory 
curricular choice, and the possibil¬ 
ity of making more clear to enter¬ 
ing freshmen the bases for their 
choices. 

In conclusion, the characteristics 
of the entire freshman class which 
are most noteworthy are the rela¬ 
tively high social service interest 
and the relatively low persuasive in¬ 
terest. The first of these findings 
is clearly in line with what is de¬ 
sirable. The second characteristic 
has a more ambiguous status. We 
do not know what should be ex¬ 
pected. It is nevertheless question¬ 
able whether prospective teachers, 
on the average, should be so low 
in this respect; it seems reasonable 
that it would be more desirable if 
their average conformed to the pop¬ 
ulation average. 

Business education students are 
found to be, on the average, high in 
clerical and computational interest. 
Elementary teachers are definitely 
lower than other entering freshmen 
in literary interest. Home econom¬ 
ics students are very similar to 
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other students, though they are 
relatively higher in social service 
interest. 

In all these instances, there is 
nearly as wide a range as is found 
in the general college population. 

Certain other curricula aside 
from the three just mentioned show 
close relationships with certain in¬ 
terest scales. Among these findings 
is evidence of individual anomalies 

that call for further investigation. 
Some of them may be of no unde¬ 
sirable significance, but the fact is 
we do not know that this is so. 

Finally, studies of interest dis¬ 
tributions and of individual inter¬ 
ests are worthy of at least some of 
the attention we have given to in¬ 
telligence and achievement. No one 
of these three aspects is sufficient of 
itself. 
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STUDY OF THE RELATIONSHIP BETWEEN 
CONSTITUTIONAL VARIATIONS AND FUNDAMENTAL 

PSYCHOTIC BEHAVIOR REACTIONS 

PHYLLIS WITTMAN, WILLIAM H. SHELDON, and CHARLES J. KATZ 

This study of relationships be¬ 
tween constitutional factors and 
fundamental types of psychotic be¬ 
havior reaction was started at the 
Elgin State Hospital in June 1945. 

At that time Dr. Sheldon with 
some associates from the University 
of Chicago photographed 350 male 
patients diagnosed by the Elgin 
staff as either schizophrenic, para¬ 
noid, or manic depressive. 

The photographing procedure is 
really a standardized test situation, 
and the subject’s ability to compre¬ 
hend and to respond effectively to 
instruction and to assistance is 
measured by the resulting photo¬ 
graphs. The placing and photo¬ 
graphing of each subject, together 
with a simple measure of hand and 
general strength took from 3 to 5 
minutes, and that is all the contact 
Dr. Sheldon had with any of the 
subjects in this study. 

The somatotyping, which is a way 
of describing qualitatively the rela¬ 
tive weightings for the three funda¬ 
mental components of morphology, 
i.e., endomorphy, mesomorphy and 
ectomorphy, was done by Dr. Shel¬ 
don from the photographs. The 
ratings on temperamental path¬ 
ology were made by Dr. Sheldon 
on the basis of the responses of 
each patient, as recorded at the 
time of photographing and as 
shown photographically, to the test 
situation already described. 

The first component of tempera¬ 
mental pathology, corresponding to 
the cycloid component in the diag¬ 
nostic rating, is the degree to which 

viscerotonia and somatotonia seem : 
to combine maladaptively in the J 
personality. The second component i 
of temperamental pathology, para- 
noid in the diagnostic weightings, ; 
is the degree to which somatotonia ; 
and cerebrotonia seem to combine i 
maladaptively. The third compon¬ 
ent of temperamental pathology, 5 
heboid in the diagnostic weightings, ! 
is Sheldon’s evaluation of dissocia¬ 
tive somatopenia, or failure of nor- j 
mal expression of somatotonia, with 
or without a secondarily strong 
cerebrotonia, and with or without 
a secondarily strong viscerotonia. 

My part of the project included 
making an individual study of each 
patient without seeing either the 
photographing of the patient or 
the resulting picture. Each of the 
167 patients worked up for this pre¬ 
liminary report has been evaluated 
on a 7-point scale as to relative 
strength or weakness in 221 factors ' 
of psychological and psychiatric : 
significance. 

As a final step, I recorded a quan¬ 
titative evaluation of each of what 
we now consider to be three funda- [ 
mental psychological components 
in psychotic behavior reactions. 

1. Cycloid or affective. 
2. Paranoid. 
3. Heboid or regressive. 
This type of evaluation was made j 

because right from the start it was ) 
found that patients classified with¬ 
in a single diagnostic entity were j 
so heterogeneous that a more elastic 
and discriminative diagnostic de¬ 
vice was needed. Study of this 
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problem resulted in the conclusion 
that there may be only three funda¬ 
mental components of psychotic be¬ 
havior reaction, and that as far as 
psychotic behavior is concerned, 
both functional and organic cases 
can probably be described in terms 
of the relative strength of these 
three components (cycloid, para¬ 
noid, and heboid). 

Using such a diagnostic schema 
made the classification of the many 
cases in which there was a mixture 
of psychotic symptoms—those diag¬ 
nosed Schizo-affective psychoses, 
or Manic-depressive with schizo¬ 
phrenic features for example— 
clearly and easily characterizable 
in terms of the relative weightings 
of fundamental psychotic compon¬ 
ents. 

To further a comparison of these 
diagnostic evaluations with Shel¬ 
don’s components of temperamental 
pathology, the ratings were made 
on a 7-point scale with “1” indicat¬ 
ing a complete lack, and “7” the 
most extreme degree of a given psy¬ 
chotic component. 

Recognizing the subjective char¬ 
acter of the weightings that the 
psychologist in the study was mak¬ 
ing we asked one of the staff physi¬ 
cians (C.K.) to join us in this study 
and evaluate independently a num¬ 
ber of the patients on the factors 
studied by the psychologist. 

The correlations between the two 
sets of weightings thus arrived at 
independently, but from a study of 
the same material for each patient, 
were +.89 for the cycloid factor, 
and +.78 for the paranoid, and 
+.91 for the heboid. This agree¬ 
ment appears not only to validity 
the diagnostic evaluations made by 
the psychologist, but also to em¬ 
phasize the value and significance 
of a diagnosis based on a scaling of 
components of psychotic behavior 
reaction, rather than attempting to 

force each case into a single and 
specific psychiatric pigeon-hole. 

One of the important questions 
we hoped to answer on the basis of 
this study was the value of mor¬ 
phological analysis in understand¬ 
ing and differentiating psychotic 
behavior reactions. Consequently 
we ran correlations between the 
somatotypes as determined by Shel¬ 
don and the diagnostic evaluations 
of the patient. Graphs were pre¬ 
pared which give the correlations 
between somatotype and diagnosis. 
(Slides shown in oral presentation 
are omitted from this preliminary 
report.) 

The graph indicates that there is 
a definite relationship between body 
morphology and type of psychotic 
behavior reaction. The predomin¬ 
antly cycloid patients are mesomor¬ 
phic endomorphs with ectopenia 
(lack of ectomorphy). The para¬ 
noid psychotics are strongly meso¬ 
morphic, as we had expected, but 
the secondarily strong ectomorphy 
expected did not come out. Com¬ 
pared to the cycloid or affective pa¬ 
tient the paranoid is relatively ecto¬ 
morphic, it is true, but in absolute 
values in this study he appears to 
be lower in ectomorphy than in en- 
domorphy. This is possibly due to 
the number of affective patients 
with secondary strong paranoid be¬ 
havior reactions. (We plan to check 
this finding further by study of all 
350 cases, only 167 of whom are in¬ 
cluded in this preliminary report.) 
The heboid, i.e., regressive and 
hebephrenic subjects in our study, 
constitutionally are extreme ecto¬ 
morphs and with a marked meso- 
penia (lack of mesomorphy). 

Since Dr. Sheldon had found in 
other studies that the mesomorphic 
strength of the 3rd region (arm) was 
almost pathonogmonically low in 
heboid patients, and could be used 
as a diagnostic aid in such cases, 
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we correlated the arm mesomorpliy 
with the weightings of the heboid 
component. The resulting coeffi¬ 
cient of -.684 strongly corroborates 
this hypothesis. 

The correlation coefficients show¬ 
ing the relationship between diag¬ 
nosis and Sheldon’s evaluations of 
temperament based on constitution¬ 
al factors, together with the pa¬ 
tient’s reaction in the standard¬ 
ized photographing situation, were 
shown in another graph. 

In the second graph the correla¬ 
tions are even more striking than 
in the first graph, suggesting that 
although morphology is definitely 
related to pattern of psychotic be¬ 
havior reaction, there are other con¬ 
stitutional factors that are import¬ 
ant also, and when these are taken 
into consideration the resultant 
agreement with diagnosis is re¬ 
markable. 

In this kind of study it is sig¬ 
nificant that an analysis of photo¬ 
graphs and an approach stressing 
constitutional factors when com¬ 
pared with an independent diag¬ 
nostic approach stressing symptoma¬ 
tology should show any agreement at 
all, let alone the definite relation¬ 
ships we do find. 

Another important point is this: 
That the analysis of morphology and 
of temperament was made by one of 
us; the diagnostic evaluations by a 
second; and the statistical analysis 
by Dr. French and assistants at 
Northwestern. All three approaches 
were made independently without 
any knowledge of what the other col¬ 
laborators in the study were finding. 

Certainly, then, these findings in¬ 
dicate that adequate and accurate 
diagnosis of psychotic patients ought 
to include constitutional analysis, 
and if this is not done the examiner 
is overlooking factors that have been 
shown to be closely related to psy¬ 
chotic behavior reaction. 

As a further check on these results, 
and in order to gain further insight 
into their value, we divided the 167 
subjects into 4 different categories 
according to the relative strength of 
the psychotic factors. 

The affective, paranoid, and he¬ 
boid groups were those whose heavi¬ 
est weighting was in that type of 
psychotic behavior reaction. The 
fourth group we called mixed psy¬ 
chosis, since relatively equal weight¬ 
ings had been given to all three com¬ 
ponents of psychotic behavior reac¬ 
tion. This yielded 4 groups, with 31 
patients classified as predominantly 
paranoid, 57 as hebephrenic, and 44 
as mixed psychosis. 

The mean strength of each pri¬ 
mary morphological component, for 
each psychotic group, was computed 
and is given in the following table: 

These data agree with the correla¬ 
tion results in defining the cycloid as 
endomorphic and mesomorphic, and 
low in ectomorphy; the paranoid as 
predominantly mesomorphic; and 
the heboid as predominantly ecto¬ 
morphic. The mixed psychoses, in¬ 
cluding a large number of subjects 
diagnosed dementia praecox cata¬ 
tonic, and undetermined types, 
showed only half-step differences be¬ 
tween the components of body build. 
This agrees with the hypothesis that 
the so-called catatonic cases are 
those who show affective, paranoid, 
and regressive features all mixed 
together. 

Because of Dr. Sheldon’s belief 
that shock therapy is rarely or never 
of value in mesopenic cases (those 
lacking mesomorpliy in body build) 
we classified therapy results in three 
groups: much improved, temporar¬ 
ily improved and unimproved. 

Table I indicates that as you move 
from the definitely improved at one 
extreme to the unimproved group at 
the other extreme, the average de¬ 
gree of mesomorpliy decreases, and 
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Table I 

Average Somatotypes 

Cycloid.. 
Paranoid 
Heboid. . 
Mixed. . 

Psychosis Type 

Endomorphy 

434 
3 
3 
3 

Mesomorphy Ectomorphy 

4t4 
4 
234 
334 

2 
334 
5 
4 

Shock Therapy Results 

Definite Improvement. .. 
Temporary Improvement 
Unimproved. 

434 
4 
234 

334 
434 

conversely the average degree of 
ectomorphy increases. We hope to 
check this hypothesis carefully on 
our therapy cases from now on 
whenever we are able to do constitu¬ 
tional analyses as a routine on newly 
admitted patients. 

So far, I have been presenting 
facts and figures and throwing the 
terms endomorphy, mesomorphy and 
ectomorphy, viserotonia, somato- 
tonia and cerebrotonia around with¬ 
out much compassion for those in 
the audience who are not acquainted 
with the terms. Now, however, I 
should like to show you a few of the 
photographs from which these evalu¬ 
ations were made (Nos. 164, 91, 47, 
1, 66, in this order). 

No. 164 has had 6 admissions to 
the Elgin State Hospital, the first 
in 1932, the last one in 1942. Each 
time he was diagnosed manic-depres¬ 
sive manic. He is now 44 years old. 
The last progress note on this pa¬ 
tient says, “Has ground parole. 
Works as assistant in the morgue 
and takes a certain amount of re¬ 
sponsibility well. Neat and clean, 
interested and cooperative. Sociable 
with other patients and with em¬ 
ployees. Plays cards and is friendly, 

frequently conversing with others on 

the ward.” 
The patient’s somatotype is 5 4212. 

The temperament rating is 5 3 2, 
and the diagnostic weightings are 
also 5 3 2; he rates 5 in affective 
features, 3 in paranoid, and 2 in 
heboid. 

The massive abdomen, short thick 
neck, fairly broad, but well-padded 
shoulders, the relatively short, stub¬ 
by hands, thick arms with slight 
hamming of the upper arm, are 
characteristic of the affective psy¬ 
choses. The round face with fat 
cheeks that makes the relatively 
small nose seem smaller by compari¬ 
son, the thick protruding lips and 
double chins are all there, but un¬ 
fortunately in order to show the 
photograph the face had to be 
blanked out. 

No. 1 is a 27-year old patient who 
has had three admissions to the El¬ 
gin State Hospital, diagnosed each 
time as dementia praecox catatonic 
type. He has had periods of hyper- 
excitability with press of speech and 
typical manic-like outbursts, at other 
times has shown the irritable, sullen, 
suspicious behavior characteristic of 
the paranoid, and frequently has 
had periods of extreme withdrawal, 
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being mute, untidy in toilet habits 
and appearance, extremely apathet¬ 
ic, and indifferent. He responds well 
to shock therapy, but this improve¬ 
ment, back to what appears to be a 
perfectly normal mental picture, is 
quite short-lived. He has had metra- 
zol, insulin, and several courses of 
electric shock. The last progress 
note on this patient is “Definitely 
improved following last electric 
shock, but has again relapsed. Is 
now mute and a feeding problem.” 
This patient’s somatotype is 3 3 4 
with a temperamental pathology 
rating of 3 3 4 and a diagnostic eval¬ 
uation of 3 3 5. These evaluations 
of morphological, temperament and 
diagnostic patterns emphasize the 
mixed picture that we have found 
characteristic of the cases diagnosed 
catatonic. In this case the ectomor¬ 
phic, cerebrotonic and heboid compo¬ 
nents predominate, thereby empha¬ 
sizing the regressive features al¬ 
ready prominently displayed. 

No. 91 is a 51-year old man, a 
former professor of mathematics, 
diagnosed paranoid dementia prae- 
cox, who has been in the Elgin State 
Hospital for the past 20 years. The 
note on patient’s present status is 
‘ ‘ Tidy in habits, neat in appearance, 
combative at times. Always supe¬ 
rior in manner, frequently noted 
talking to himself. Well posted on 
current events, but seclusive and 
supercilious in contact with other 
patients and attendants. Eats and 
sleeps well.” 

This patient’s somatotype is 2 5 3, 
that is to say, predominantly meso¬ 
morphic. The compact, sturdy body 
build with straight upright posture, 
relatively low waist, flat abdomen, 
strong muscular arms and legs, are 
noticeable and are especially so 
when this man’s age, 51, and dura¬ 
tion of psychosis (20 years) are 
taken into account. This patient’s 

face and facial expression would 
also be revealing if you could see 
them. His face is the only somato¬ 
type region in which he looks his 
age. He has deep naso-labial folds 
and is heavily wrinkled. He has the 
firmly compressed mouth and watch¬ 
ful suspicious glance that, for those 
of us under Dr. Sheldon’s tutelage, 
have become hallmarks of paranoid 
psychosis. This patient’s tempera¬ 
ment rating is 2 5 3, and his diag¬ 
nostic evaluation 2 6 3. The ratings 
emphasize the somatorotic(patholog¬ 
ically somatotonic) temperament, 
and the paranoid ps}Tcliotic behavior 
reaction. 

Now please try to keep this pa¬ 
tient’s body build in mind to com¬ 
pare with the next one, who is 26 
years old, as compared with this 
man’s 51 years. 

No. 66, a typical example of a 
severely regressed patient, was ad¬ 
mitted to the hospital in April 1940, 
diagnosed dementia praecox hebe¬ 
phrenic. The last progress note on 
this patient, made a few months ago, 
states, “Untidy in toilet habits, very 
careless of personal appearance, se¬ 
clusive and apathetic, has to be 
bathed and dressed, but infrequently 
will undress himself.” This patient 
has had shock therapy, but without 
any improvement. 

He has an extreme somatot3^pe 
117, that is to say, lacking in both 
endo- and mesomorphy, but with ex¬ 
treme ectomorphy. The excessively 
weak arms, the ectomorphic stoop so 
common in hebeplirenics, the fragile 
pipe stem legs, all add up to the kind 
of physique that I am sure Dr. H. 
Douglas Singer was thinking of 
when he described what he called 
constitutional schizophrenia with 
pathologically low energy endow¬ 
ment. 

In a previous research project in 
collaboration with the Child Study 
Bureau of the Chicago Board of 
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Education, we found that this par¬ 
ticular patient had been referred 
when 7 years old and in the second 
grade to the Study Bureau because 
of school retardation and suspected 
feeble-mindedness. He was found 
to be of average intelligence at the 
Bureau, but the really significant 
thing is that the psychologist at that 
time described the 7-year-old boy as 
apathetic, indifferent, inattentive, 
timid and monosyllabic in his re¬ 
plies. Certainly this patient’s very 
early pre-psychotic personality sug¬ 
gests the shut-in personality type 
that Adolph Meyer thinks character¬ 

izes schizophrenic patients just as 
the morphological pattern fits in 
with Dr. Singer’s concept of consti¬ 
tutional schizophrenia, also fits in 
with Langfeld’s 1 ‘ process ’ ’ schizo¬ 
phrenia, and probably with Meduna 
and McCullough’s concept of true 
schizophrenia as differentiated from 
oneirophrenia. 

All this suggests that constitution¬ 
al analysis can yield a definite and 
objective frame of reference that 
should be used generally in carrying 
out experimental projects in both 
diagnostic and research fields of 
psychiatry and abnormal psychology. 
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SOCIAL SCIENCE 

BUILDING RURAL COMMUNITY SCHOOLS 
DAVID E. LINDSTROM1 

University of Illinois, Urbana 

People in towns and cities have 
become greatly concerned about 
schools in the country areas, many 
because Illinois has more school units 
than any other state in the nation. 
It is fortunate, therefore, that 93 of 
102 counties of the state have formed 
county survey committees so that 
farmers and small town inhabitants 
can study their own school condi¬ 
tions and make their own recommen¬ 
dations for school reorganization. 
There are powerful pressure groups 
in the state that know that the state 
legislature is the supreme school 
board and can pass legislation for 
compulsory school reorganization. 
So this survey effort must be done 
well if rural people are to build their 
own community schools. 

Many are recognizing the need for 
reorganization. Some of the out¬ 
standing facts are: that the number 
of school age children is decreasing; 
farm families are getting smaller; 
those, especially tenant and labor 
families, on the poorest lands are the 
largest; farms are getting larger and 
fewer in number; and both one-room 
schools, as well as high schools, are 
too small. Studies have shown that 
in 1945 more than three-fourths of 
the one-room schools in Illinois had 
fewer than 15 pupils in average 
daily attendance. This number is 
below the minimum generally con¬ 
sidered adequate to make a good 
school. Experience has shown that 
20 to 25 pupils per teacher and at 
least three teachers per school are a 
much better and more economical 

number. Two-thirds of the high 
schools in Illinois outside of Cook 
County, moreover, had fewer than 
150 pupils in average daily attend¬ 
ance in 1943-1944. This is the bar¬ 
est minimum needed for good and 
efficient high schools to provide what 
is generally considered by many au¬ 
thorities as the minimum for a good 
high school; seven teachers and an 
average of 30 pupils per teacher 
would require high schools with not 
less than 210 pupils per school. 

Farmers in Illinois want to keep 
control of their elementary schools 
Any plan of rural school reorgani¬ 
zation should carry with it some 
means whereby they can retain the- 
kind of control that will make for the 
best schools for rural people. A loss 
of the country school can mean the 
loss of one of the chief remaining 
ties in the neighborhood, which 
throughout the history of America 
has meant so much to farm people. 
Everything possible, therefore, 
should be done to preserve the neigh¬ 
borhood school or to build a better 
school in the country neighborhood 
as well as in the village and the town. 
This can be done if town and coun¬ 
try people will work together in the 
reorganization of larger administra¬ 
tive districts. These administrative 
districts should be large enough to 
maintain a high school and as many 
elementary attendance units as are 
needed to carry through a good 
school program. In this way the en¬ 
tire school program from elementary 
to high school can be unified under 

1 Professor of Rural Sociology, University of Illinois, Urbana, Illinois. Prepared for the Illinois 
State Academy of Science. 
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one system of administration and the 
cost can be cut considerably if no 
more than the present school pro¬ 
gram is provided. 

Farm people, however, want the 
best schools they can get. If they 
once understand the difference be¬ 
tween an administrative and an at¬ 
tendance unit and that schools can 
be reorganized on a larger adminis¬ 
trative basis now, allowing attend¬ 
ance units to remain as they are 
until conditions permit changes, 
then they are willing to see these 
kinds of changes made, especially if 
they see the advantages of the larger 
unit. 

Larger community administrative 
units would make possible spreading 
the tax load more equitably over all 
the property. In other states it has 
been shown that the setting up of 
larger administrative units has ac¬ 
tually reduced the cost of education. 
In general, however, the cost of 
larger administrative units and bet¬ 
ter schools is greater than the cost 
of smaller schools because of improv¬ 
ed and more extensive offerings. 

Any good school program, it is 
now recognized, should provide serv¬ 
ices in seven distinct fields: (1) A 
health program that provides for pe¬ 
riodic examinations, corrective treat¬ 
ment, instruction and guidance in 
healthful living, hot lunches, ade¬ 
quate means to prevent and control 
contagious diseases, recreation, phy¬ 
sical exercise and play suited to chil¬ 
dren. Only the larger unit can pro¬ 
vide for this kind of a health pro¬ 
gram. (2) Every school should pro¬ 
vide for the mastery of the basic 
skills, reading, writing, and arith¬ 
metic ; we are discovering that this 
can be done best in schools which 
provide for larger administrative 
units. (3) Every school should give 
attention to the development of the 
appreciations, abilities, and the ex¬ 

pression of the pupils through the 
creative arts, music, drama, paint¬ 
ing, drawing, crafts, etc., and the 
larger schools can best provide these. 
(4) All systems should include adap¬ 
tation of the school program to the 
especially talented or handicapped, 
and it is only in the larger areas 
that attention can be given to these. 
(5) Every school should provide for 
training for vocations, rural and ur¬ 
ban, and the larger units are in the 
best position to do this. (6) The 
rural child needs to be given these 
things in terms of the environment 
in which he now lives as well as in 
terms of the environment in which 
he may some day live. The curricu¬ 
lum in the rural school should, there¬ 
fore, be rural life centered. Such 
training cannot be given in the aver¬ 
age one-room school as this requires 
properly trained teachers, library, 
laboratory, and similar facilities, all 
of which can be made available only 
through larger administrative units 
in schools financed from a larger 
base and with adequate state and 
federal aid. (7) The schools should 
be neighborhood and community 
centers, providing not only class¬ 
room, library, gymnasium, play- 
yard, and laboratory facilities, but 
also facilities for community meet¬ 
ings, entertainment, and special 
group meetings, so that the school 
really is a community center. 

Rural people of Illinois can have 
good rural schools if they want 
them. The work of the present coun¬ 
ty school survey committees can be 
done so that Illinois can have the 
most modern and effective schools 
that can be found anywhere in the 
nation. Centering upon recommend¬ 
ing larger community administra¬ 
tive districts and securing the peo¬ 
ple’s support of them is the first im¬ 
portant step toward modern rural 
schools in Illinois. 
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A NEW THEORY OF POSITIVE LAV/ 
J. MOKRE 

Barat College, Lake Forest 

It may be useful to begin with an 
analysis of the title. The first thing 
to do is to deny that this theory is 
completely new. My own ideas 
about it are by now about fifteen 
years old and are essentially a con¬ 
tribution to the so called ‘‘Aus¬ 
trian” or “Viennese School” of a 
“Pure Theory of Law” which 
originated with H. Kelsen, now 
teaching at the University of Cali¬ 
fornia. 

The next step is to limit the con¬ 
cept of law. This word may be 
used in the most general sense to 
denote any kind of relationship. 
This usage we can find in the world 
of being as in chemical or socio¬ 
logical, in mathematical or logical 
laws, the first two examples dealing 
with real, the last two with ideal 
objects. Some relationships in this 
sphere are objectively correct (as 
we hope), others are not, and again 
others were perhaps never meant to 
be so. 

There is another group of rela¬ 
tionships referring not to what is, 
the being, but to what ought to be, 
the “oughtness”. Again laws of 
this kind may be objectively cor¬ 
rect, as by definition ethical or nat¬ 
ural laws are, or they may express 
only certain demands as proposals 
in social politics, proposed bills or 
for that matter mores, customary 
laws or statutory laws. And finally 
this form may be used just in a 
playful or joking way. To distin¬ 
guish this type from the first we 
speak of “norms.” 

There is a fundamental difference 
between the two kinds of laws. 
Being may be a reality, oughtness 
never is. Our real behavior may 
of course conform to it as when we 

comply with a norm, but this be¬ 
havior itself is not the oughtness. 
The latter continues to exist even 
if we constantly violate the norm. 
The norm, therefore, cannot be 
checked with reality, it can, how¬ 
ever, be compared with the objec¬ 
tively correct ethical norm. If it 
conforms to it we call this particu¬ 
lar normative law “just”, other¬ 
wise ‘ ‘ unjust ’ The word ‘ ‘ theory ’ ’ 
in the title means that this discus¬ 
sion will not follow the axiological 
line of evaluating laws according 
to what they ought to be but will 
only deal with the logical question 
what law is. And we shall be con¬ 
cerned only with normative laws 
from now on. 

In fact we shall narrow the scope 
of our investigation once more to 
what may be called “juridical 
laws”. Suppose we read a treatise 
on the sociology of property, what 
this institution is and what its ef¬ 
fects are; or Ave may read the 
seventh commandment and a pro¬ 
posal telling us that the institution 
of property should be preserved, or 
may be that it should be abolished; 
finally Ave may read that part of 
Ancient Roman criminal laAV Avhicli 
deals with theft, a bill on this sub¬ 
ject discussed in Congress, and the 
existing laAV on theft in the present 
day French criminal code. 

We shall soon be able to dis¬ 
tinguish betAveen these ATarious 
cases. The first case (sociology of 
property) deals only Avith what is, 
all the others refer to norms, the 
seventh commandment to an ethical 
norm, the proposal of a writer on 
social politics to the personal opin¬ 
ion of its author as to Avhat ought 
to be. Both make demands on 
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human behavior but are noncom- 
mital as to what reaction should 
take place if the commanding norm 
is not complied with. It is precisely 
the presence of such a sanctioning 
norm which distinguishes the last 
three cases from the preceding ones. 
All the examples may possibly deal 
with the same content. It is, there¬ 
fore, not the content but the formal 
element of combination of a com¬ 
manding norm with a sanctioning 
norm that is characteristic of juri¬ 
dical law. The most general form 
of it would be: “A demands B, 
and if B does not take place and C 
happens D is demanded”. What¬ 
ever I may substitute for the vari¬ 
ables A, B, C, D, e.g. in order to give 
examples, the result will always be 
an element of juridical law. It may 
seem surprising that I can “manu¬ 
facture” it that way at will. And 
I can actually do so but I am not 
yet a “law maker” because I can¬ 
not so simply “manufacture” posi¬ 
tive law. 

For not every juridical law is posi¬ 
tive law. In the examples given 
before we can be rather sure that 
the existing French law will be 
called so and that the example I 
write down will not. There might 
be some dispute about the two 
others and probably more inclina¬ 
tion to call the law of Ancient Rome 
positive than the unfinished bill in 
Congress. Why? 

We may say that the present day 
French law on theft is being actual¬ 
ized, that is prevailingly obeyed. 
That does not mean that theft does 
not occur. It may even be very 
frequent so that we could not speak 
of a prevailing fulfillment of the 
commanding norm. The law, how¬ 
ever, does not cease to be positive 
even in this case so long as at least 
the sanctioning norm is prevailing¬ 
ly fulfilled, that is by court action 

against the violation of the com¬ 
manding norm. 

There seems, however, to be one 
more requirement for positivity be¬ 
side actualization (prevailing ful¬ 
fillment). If I write down jokingly 
or just for demonstration’s sake a 
hypothetical juridical law, it could 
happen that this particular demand 
is (by chance) fulfilled. This will 
probably be the case if the com¬ 
manding norm demands a behavior 
which is usually being observed 
anyway, for instance certain habits 
and fashions as wearing straw hats 
from a certain date on etc. Never¬ 
theless we would not speak of posi¬ 
tive law because it was never meant 
to be taken seriously. Thus we have 
to add for positivity another ele¬ 
ment to actualization. Positive law 
must also be “given,” i.e. somebody 
must demand it seriously. That 
may happen in a family if father or 
the older brother says: “Do it or 
else.” Such demand has the 
form of a double-norm of juridical 
law and if meant seriously and 
obeyed makes for an atmosphere of 
“legalism”. It may be the case 
when a monarch or dictator or for 
that mateer a legislative assembly, 
issues laws. It is surprising but un¬ 
avoidable that positivity, therefore, 
rests in part on a psychological ele¬ 
ment, the serious intention of the 
law giver. Only because in most 
cases there is no doubt about it, it 
is as a rule not mentioned explicitly. 
But it may play a quite important 
part in problems of interpretation. 

This investigation has been car¬ 
ried on so far with respect to a 
single juridical norm. Very often 
it is not worded so plainly but its 
elements must be assembled from 
various parts of a law system, un¬ 
sanctioned norms must be elimin¬ 
ated as merely moral appeals with¬ 
out juridical relevance etc. . . Now 
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just what is the element of coher¬ 
ence between the norms of a law 
system. They may be interdepend¬ 
ent through “logical implication” so 
that the content of the lower norm 
B may be logically derived from the 
content of a higher norm A. Or 
the higher norm A may only point 
to another act of norm giving and 
declare what is demanded by that 
norm B ought to be done. This 
merely “ functional implication” is 
the case of “delegation of norms”. 
This happens for instance if father 
declares what mother says should 
be done; or if the constitution de¬ 
fines how ordinary laws can be 
made or how administrative regu¬ 
lations can be derived from ordin¬ 
ary laws; or if international law 
defines the conditions for the 
recognition of a state (and its law 
system) as an entity of internation¬ 
al law. 

The result is a scale of strata of 
laws: “Laws” agreed upon by con¬ 
tracting people, by-laws of associa¬ 
tions, laws of municipalities, coun¬ 
ties, states, federal states, the 
family of nations, each of them gov¬ 
erning the legal relations, “down¬ 
wards”, free in its own sphere and 
subjected to regulations from high¬ 

er strata. The result is a “pyra¬ 
mid” of strata of law and groups of 
people subjected to them. The 
“state” is only one group among : 
them, theoretically not distin- 1 
guished in essence from the others ! 
and not endowed originallv with | 
any quasi-mystical competence, 
called sovereignty. As long as it 
remains in the framework of in¬ 
ternational law it has only as much 
competence as the international law 
gives to its members. It is only a 
logical consequence that absolute 
sovereignty can exist only on the 
highest level of international law or | 
(if there is such a thing) in groups 
outside of it. As far as the inter¬ 
national law is in operation, a 
“world government” is already in 
operation. We may try to enlarge 
its scope but we do not have to 
create it. On the other hand we do 
not need to destroy the sovereignty 
of states because it is not existent, 
we can destroy only the erroneous 
belief in it. 

In this way the pure theory of 
law may help to pave theoretically 
the way to the one world for which 
mankind is headed if it is not going 
to be lost. 
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WHEATON COMMUNITY SURVEY 

S. R. KAMM AND LAMBERTA VOGET 

Wheaton College, Wheaton, Illinois 

During the past two years the 
Division of Social Sciences at Wheat¬ 
on College has been cooperating with 
the Wheaton Plan Commission in a 
study of post-war community needs. 
The project was undertaken at the 
request of the chairman of the Com¬ 
mission. The members of the Divi¬ 
sion welcomed the opportunity to co¬ 
operate with the Commission, both 
because of the historical connection 
of the College with the community 
and because the Division recognized 
that college growth and community 
expansion must be a cooperative en¬ 
terprise. It also saw in this service 
an opportunity to acquaint the stu¬ 
dents with the needs of the commu¬ 
nity and to give to each of them some 
firsthand contacts with the pro¬ 
cesses of community planning. The 
project was, therefore, entered up¬ 
on both as a community service and 
as a means of laboratory training for 
students in social science. That these 
aims have been realized is amply 
demonstrated by the response of the 
Plan Commission to its findings and 
the testimony of the students as to 
the values they have found in this 
work. 

NATURE OF THE SURVEY 

Conferences with the chairman of 
the Commission revealed the fact 
that information was desired on (a) 
population characteristics, (b) the 
employment habits of the people, 
(c) the use of present transportation 
facilities, (d) the degree of satura¬ 
tion in present housing facilities, (e) 
future plans in housing, employment 
and transportation for present resi¬ 
dents and for those in military serv¬ 

ice, and (f) the possible “sore 
spots’’ in community facilities. Pre¬ 
ceding studies conducted by the de¬ 
partments of Sociology and of Eco¬ 
nomics had revealed certain areas 
of needed change. A tentative sched¬ 
ule of data desired was then drawn 
up and the assistance of the National 
Housing Agency in Chicago was 
sought in formulating a question¬ 
naire that could be readily adminis¬ 
tered by inexperienced interviewers. 
The experience of that agency in 
surveys conducted in other commu¬ 
nities was invaluable in the prepara¬ 
tion of the schedule ultimately 
adopted1. 

Plans for the survey were then 
formulated by a committee com¬ 
posed of a representative from the 
departments of Sociology and of 
Economics acting in cooperation 
with the Chairman of the division. 
Zoning and street maps of the city 
were used in plotting the areas to be 
sampled and in keeping a record of 
places interviewed. Volunteer sur¬ 
veyors from the various social 
science classes (sociology, economics, 
political science, and history) were 
given special instruction in inter¬ 
viewing and assigned to specific city 
blocks. Each student surveyor was 
supplied with mimeographed in¬ 
structions and with an identification 
card signed by the Chairman of the 
Plan Commission. This card identi¬ 
fied the student as an authorized 
representative of the Commission. 
Seniors majoring in sociology were 
required to participate in the inter¬ 
viewing and to make a study of the 
post-war plans of various institu- 

1 See Clemens M. Roark, “A Preliminary Guide for the Development of Local Housing Planning,” 
24 pages, mimeographed. 
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tions in the community. Others in 
this group were assigned to the task 
of preparing a map showing the 
growth of housing in the city by 
chronological periods, while still 
others were given the responsibility 
of collating and evaluating the find¬ 
ings of the surveyors. 

Thirty-five students participat¬ 
ed in the preparation of the first 
sample which covered approximately 
200 families and residences. News¬ 
paper publicity in the local paper 
issued by the Plan Commission pre¬ 
ceded the interviewing. 

The findings of the preliminary 
study were made available to the 
Commission in October of last year. 
At that time the Division was au¬ 
thorized to continue the study dur¬ 
ing the present year. Forty-five stu¬ 
dents have participated in the sur¬ 
vey this year. The results of the 
interviews have not yet been col¬ 
lated. 

Local school and municipal au¬ 
thorities have been very cooperative 
in the administration of the project. 
Members of the National Housing 
Agency have followed the work of 
the survey with interest. Through 
their suggestion, assistance has also 
been given to the newly created Illi¬ 
nois State Housing Board in setting 
up its plan of study for community 
housing needs. The Citizens Re¬ 
search Bureau of Chicago, a private 
agency, has also expressed an inter¬ 
est in the methods and findings of 
the survey. 

Several of the students who work¬ 
ed on the survey have found the 
training therein valuable in securing 
appointments to graduate fellow¬ 
ships or positions with social agen¬ 
cies. 

METHODS 

The Division has sought to use 
those methods commonly employed 
by community surveyors. The basic 

device has been a three-page ques¬ 
tionnaire schedule administered 
through a personal interview be¬ 
tween a member of* the survey group 
and some representative of the 
household. The findings recorded on 
these schedules have been supple¬ 
mented by historical studies of popu¬ 
lation change within the community, 
based on a comparative study of 
statistical data derived from the fed¬ 
eral decennial census with the data 
to be found in the federal sugar cen¬ 
sus of 1942. It has also sought to 
determine the historical growth of 
the residential areas of the commu¬ 
nity by a careful study of the ex¬ 
pansion by time periods. This in¬ 
volved the preparation of a map in 
symbol showing the period of con¬ 
struction of each residence within 
the community. Data for such a map 
were gathered from a sketch map of 
the city made in 1882 (now in the 
possession of the City engineer), an 
air view photograph of the city made 
in 1906, and by a study of the build¬ 
ing permits now on file in the City 
Hall. Inasmuch as the building per¬ 
mits were not filed prior to 1920, it 
was necessary to discover the resi¬ 
dences constructed during the period 
1906 to 1920 through a process of 
elimination. Another map is now 
projected to show the type of hous¬ 
ing unit constructed in each location 
within the city. 

FINDINGS 

The findings of the survey, taken j 
from the preliminary sample of some 
200 households, revealed some inter¬ 
esting trends and characteristics. 
Some of these are in harmony with 
general trends; others are peculiar j 
to this particular community. 

a. Population. The total popula¬ 
tion of the community was found to 
be 9,619 in 1942 as against the 7,389 
indicated by the census of 1940. The 1 
median family size was found to be 
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2.7 as compared with the 3.42 record¬ 
ed in the census of 1930. 

b. Housing Expansion. The great¬ 
est period of housing expansion in the 
community was found to have tak¬ 
en place during the years 1920-1929 
inclusive. That decade witnessed the 
construction of 39.8 percent of all the 
housing erected within the communi¬ 
ty prior to the year 1946. The corpo¬ 
rate area of Wheaton is almost evenly 
divided into a northern and southern 
area by the Aurora and Elgin and 
Chicago and Northwestern tracks. 
The construction of the Aurora and 
Elgin electric railroad to Wheaton 
in the early 1900’s was found to 
have had a stimulating effect on the 
construction of housing in the south¬ 
ern portion of the city near the depot 
and shops of that line. During the 
period of 1907 to 1919 inclusive, 
there were 285 units constructed in 
that area as compared to 103 in the 
area north of the tracks. This was 
the only period wherein the south 
side increased more rapidly in hous¬ 
ing facilities than the north side. The 
Federal Census data for housing ex¬ 
pansion was found to be quite unre¬ 
liable. The census showed 643 units 
constructed during the decade from 
1920 to 1929, whereas, a study of 
building permits showed a total of 
780. Allowing for some units that 
may not have been constructed un¬ 
der permits, this still shows a wide 
variation. Similar variations ex¬ 
isted in other periods. 

c. Mobility of Population: Wheat¬ 
on has been thought of as a stable 
community. This study revealed 
the fact that 18 percent of the 200 
families interviewed had lived in 
Wheaton less than two years, while 
34 percent of these families had lived 
in Wheaton five years or less. This 
reflects an acceleration of movement 
to suburban residential areas during 
the period of war. Some of this turn¬ 
over is undoubtedly due to the op¬ 

portunities for employment in the 
Chicago area. The survey made no 
attempt to discover the reasons why 
persons had moved into the commu¬ 
nity in that period other than to in¬ 
quire of all persons their reason for 
choosing Wheaton as a place of resi¬ 
dence. Business opportunities in 
the Chicago area, the facilities of the 
College, and the residential charac¬ 
ter of the community were the rea¬ 
sons advanced most frequently. This 
turn-over in population is verified in 
part by the school statistics, which, 
the Superintendent of Schools re¬ 
ports, show an annual change in 
school population from about 30 to 
33 percent. 

d. Residential Ownership. Eighty- 
one percent of the households inter¬ 
viewed were found to be in that 
group which owned their own homes. 
This percentage may be altered by 
the findings of this year’s study. 

e. Employment Plans and Trans¬ 
portation. Investigation here show¬ 
ed that no substantial shift was an¬ 
ticipated either in employment or 
means of transportation used in 
reaching the place of employment. 
This was true not only of present 
residents, but of persons then in the 
service. 

f. Family Composition. The pres¬ 
ence of 80 children under five years 
of age out of a total of 255 
children 19 years of age and 
under demonstrated the influ¬ 
ence of the economic revival and 
the war upon population growth. In¬ 
asmuch as there were only 44 chil¬ 
dren in the age bracket from five to 
nine as compared with 78 in the 
bracket 10 to 14, and 53 in the 
bracket 15 to 19, it is reasonable to 
assume that there will be greater 
need for community facilities in the 
next decade to meet the needs of the 
rise in the birth rate in the last five 
years. This will be particularly true 
if families continue to move into the 
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community at the same rate as they 
have during the war period. 

g. Future Housing Plans. This 
preliminary study revealed the fact 
that approximately 27 percent of all 
those interviewed planned some 
change in housing after the war. 
Fifty-nine percent of those planning 
a change were persons who already 
owned homes. Of this latter group 
78 percent were contemplating new 
construction. Future building plans 
called for homes costing from $6,000 
and up with the greatest frequency 
of demand in the $10,000 to $12,000 
bracket. Houses providing three 
bedrooms were most frequently pro¬ 
jected, with houses providing four 
bedrooms and two bedrooms propos¬ 
ed in that order of declining fre¬ 
quency. Should these same frequen¬ 
cies appear in the completed study, 
it would mean that there would be 
a potential market for at least 540 
dwelling units from present resi¬ 
dents in the community following 
the war. Forty percent of these units 
would be provided through new con¬ 
struction, thus releasing a similar 
proportion to those desiring to pur¬ 
chase homes and leaving approxi¬ 
mately 20 percent to be provided 
through other channels. Inasmuch 
as most of the projected housing calls 
for the construction of the larger 
and more expensive type of unit, it 
is quite possible that either private 
contractors or public agencies must 
step in to meet the low-cost housing 
needs of the present Wheaton popu¬ 
lation. This estimate makes no pro¬ 
vision for the natural expansion of 
population in the community. 

h. Community Services. Two de¬ 
vices were used on the questionnaire 
to discover inadequacies in communi¬ 
ty services. One was to secure an ex¬ 
pression from the one interviewed 
concerning the type of community 
service wherein he was inconve¬ 
nienced. He was permitted to express 

“no inconvenience,’9 “some incon¬ 
venience,” or “very much inconve¬ 
nience.” On the basis of this type of 
expression, the chief areas of com¬ 
munity need were found to be in (a) 
lack of adequate parking facilities, 
(b) lack of adequate recreational 
facilities for elementary and high 
school students, (c) lack of hospital 
facilities and adequate medical serv¬ 
ices, and (d) absence of adequate 
and reasonable housing. 

Another device used was to ask 
the one interviewed to give an an¬ 
swer to this question: “Of all the 
things which might be done to make 
Wheaton a better city in which to 
live, what would you rank as most 
important?” Most frequent replies 
referred to better housing in the 
form of smaller houses and apart¬ 
ments, the need of a hospital, the 
need of guidance and recreation for 
the high school group, the need of 
enforcing the zoning laws, and the 
necessity of constructing a railroad 
underpass. 

From these preliminary findings, 
it seems clear that the responsibility 
of the Plan Commission will center 
around the following community 
needs : (1) the construction of rea¬ 
sonably-priced housing facilities of 
the apartment type; (2) the con¬ 
struction of a hospital; (3) the pro¬ 
vision of additional parking space 
in the shopping area; (4) the provi¬ 
sion of additional community recrea¬ 
tional facilities for the secondary 
school group; (5) the elimination of 
surface transportation hazards 
through the construction of railroad 
underpasses at convenient places in 
the downtown area. It is conceiv¬ 
able that if these needs are met, some 
of the other areas of friction, such as 
the need of additional medical facili¬ 
ties and the need for enforcing the 
zoning laws, together with the inade¬ 
quacy of the shopping area, might be 
gradually eliminated. 
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ZOOLOGY 

STUDIES ON CERTAIN FILTRABLE VIRUSES 

IX. ANTIGENIC PROPERTIES OF UNDESICCATED 
ENTIRE EMBRYO FOWL POX VIRUS IN BUFFERED 

GLYCERINE 

H. S. BRYAN and ROBERT GRAHAM 

University of Illinois, Urbana 

In a previous report the results of 
immunization of susceptible chickens 
with fowl-pox vaccine prepared 
from the entire chicken embryo, de¬ 
siccated and suspended in various 
diluents was reported by Kerlin and 
Graham (1). Brandly and Dunlap 
(2) previously demonstrated the im¬ 
munizing properties of fowl-pox¬ 
virus material prepared from the 
pox skin lesions and also from the 
chorioallantoic membranes of in¬ 
oculated embryos showing typical 
fowl-pox lesions. 

These three forms of the virus, 
after desiccation, are stored in ster¬ 
ile vials at -4°C. Immediately 
prior to field use the triturated virus 
material is suspended in distilled 
water, physiological saline, mineral 
oil or other suitable diluent. 

Since the viability and immuniz¬ 
ing properties of desiccated entire 
embryo virus suspended in various 
diluents have been demonstrated 
under laboratory and field condi¬ 
tions, experimental inquiry into the 
viability as well as the immunizing 
properties of the undesiccated entire 
embryo virus was inaugurated. It 
is the purpose of this paper to re¬ 
port the results of this study. 

PREPARATION OF THE ENTIRE 

EMBRYO VIRUS 

A desiccated, chorioallantoic virus 
stored at -4C° was the source of 

the virus used in this study. A 1:100 
tryptone broth suspension of the 
chorioallantoic fowl-pox virus was 
inoculated onto the chorioallantoic 
membrane of ten to twelve day old 
developing chicken embryos by a 
modification of Burnet’s technique 
(3). After five days further incu¬ 
bation at 37 °C, the shells were swab¬ 
bed with colloidal iodine and the 
chorioallantoic membrane of each 
egg was carefully examined for 
characteristic fowl-pox lesions. Mem¬ 
branes showing characteristic lesions 
together with the entire embryos 
were harvested aseptically by remov¬ 
ing the contents of the eggs into 
sterile Petri dishes. The harvested 
entire embryos were immediately 
pooled, transferred to an electric 
tissue grinder and homogenized to 
the consistency of thick cream. The 
homogenized embryos were placed 
in sterile flasks and either used im¬ 
mediately in vaccine preparation or 
stored at -4°C, until needed. 

PREPARATION OF THE BUFFERED 

GLYCERINE DILUENT 

The only diluent employed in this 
experiment was a sterile 50 percent 
suspension of buffered glycerine in 
distilled water. The diluent was 
prepared by suspending 375 cc. of 
glycerine (C.P.) and 1.62 grams an¬ 
hydrous potassium dihydrogen phos¬ 
phate in 375 cc. of distilled water. 



130 Illinois Academy of Science Transactions 

Sodium hydroxide was used to ad¬ 
just to pH 7.6. The diluent was 
sterilized for 45 minutes under 15 
pounds steam pressure. 

PREPARATION OF THE VACCINE 

The undesiccated, entire-embryo, 
fowl-pox-virus material was added 
directly to the diluent and suspend¬ 
ed by gentle shaking. The virus 
material was readily suspended and 
miscible, For field use the vaccine 
consisted of a 5 percent suspension 
of the virus material in the buffered 
glycerine diluent. The prepared 
vaccine was stored at -4°C. and dis¬ 
pensed in screw capped vaccine bot¬ 
tles. One lot of vaccine was prepar¬ 
ed for this investigation. The via¬ 
bility of the vaccine was checked 
monthly by the feather follicle me¬ 
thod of inoculation of susceptible 
chickens. Viability tests proved the 
vaccine capable of producing take 
reactions during a four-month stor¬ 
age period at -4°C. 

INOCULATION OF FLOCKS WITH 

THE VACCINE 

A healthy flock of 2475 chickens 
was vaccinated by the three-stick in¬ 

oculation method into the patagium 
of the wing in June 1945. Observa¬ 
tions of over 10 per cent of the birds 
seven days after inoculation reveal¬ 
ed positive take reactions in 97.9 
percent. No ill effects were noted in 
the birds after inoculation with the 
vaccine. Ninety days after vaccin¬ 
ating, ten chickens from this flock 
were artificial^ exposed to viable 
fowl-pox virus. None of the ten 
showed a reaction to this exposure. 

The experimental vaccine was sup¬ 
plied to several veterinarians and 
flock owners throughout the state of 
Illinois for experimental field use on 
farm flocks, with directions for ap¬ 
plication and interpretation of re¬ 
sults. A total of 17 flocks including 
23,282 birds, of which 7,087 were 
turkeys, were vaccinated by the stick 
method by eleven different field vac¬ 
cinators. Take reactions reported in 
the various flocks varied from 25.4 
percent to 100 percent (Table 1). 

It was estimated that 18,899 of the 
23,282 birds vaccinated developed 
take reactions, and that 4,383 birds 
did not develop takes. The overall 
estimate of the number of birds vac¬ 
cinated in the field, either by veter- 

Table 1.—Field Results of Birds Vaccinated with Undesiccated Entire Embryo 

Fowl Pox Vaccine 

Group Numbers 

1 (3 flocks) 
2 (1 flock). 
3 (1 flock). 
4(1 flock). 
5 (1 flock). 
6(1 flock). 
7 (5 flocks) 
8(1 flock). 
9(1 flock). 

10 (1 flock). 
11 (1 flock). 

Birds 
vaccinated 

Percent 
takes reported 

3800* 100.0 
1014 100.0 
2700 95.0 
4087* 95.0 

353 95.1 
235 99.0 

8600* 67.5 
653 60.0 
342 61.0 
766 25.4 
732 66.0 

23,282 

Turkeys included in groups 1, 4, and 7. 



Filtrable Viruses 131 

inarians or flock owners, and devel¬ 
oping* positive take reactions was 
81.17 percent. 

DISCUSSION 

The undesiccated, entire-embryo, 
fowl-pox virus when suspended in 
buffered glycerine induced a high 
percentage of take reactions in sus¬ 
ceptible chickens in the laboratory 
and in a flock of 2475 chickens when 
inoculations were made and takes 
were read by experienced handlers 
of fowl-pox vaccine. The vaccina¬ 
tion of farm flocks by fowl-pox vac¬ 
cinators, which in some cases had 
had less experince, resulted in a 
slightly lower percentage of take re¬ 
actions. The possibility that certain 
of the farm flocks had been exposed 
to fowl-pox before the time of vacci¬ 
nation was not determined. How¬ 
ever, it seems reasonable to expect 
that such a condition could have oc¬ 
curred in flocks where take reactions 
were low. The possibility of faulty 
technique having been used in inoc¬ 
ulating birds or in reading take re¬ 
actions could not be excluded. The 
results of farm flock vaccinations in¬ 
cluded in this report, suggest that 
proper care of the vaccine in the 

field, proper vaccinating technique, 
and a flock history are all essential 
in the establishment of a satisfactory 
fowl-pox vaccinating program. 

SUMMARY 

Results of the immunizing prop¬ 
erties of an experimental fowl-pox 
vaccine, prepared from undesiccat¬ 
ed, entire-embryo, fowl-pox-virus 
material suspended in a buffered 
glycerine diluent, is reported. A 5 
percent suspension of undesiccated 
virus material was readily miscible 
and remained in suspension well in 
the diluent. The vaccine proved 
potent during a four-month storage 
period when held at -4°C. A flock 
of 2475 chickens inoculated by the 
three-stick method with the vaccine 
resulted in 97.9 percent of the birds 
showing positive take reactions. 
Field vaccination of farm flocks by 
veterinarians and flock owners re¬ 
sulted in take reactions in 81.17 per¬ 
cent of 23,282 birds, which included 
7,087 turkeys. Factors essential in 
operating a satisfactory fowl-pox 
vaccinating program such as proper 
care of the dispensed vaccine, proper 
vaccinating technique, and the im¬ 
portance of a flock history are also 
discussed. 
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EXPERIMENTAL WORK WITH DDT ON APPLES 
IN ILLINOIS, 1945 

s. C. CHANDLER 

Illinois State Natural History Survey 

Experimental work on apples 
was designed primarly to study the 
control of codling motli, but obser¬ 
vations were also made on the effect 
of DDT on other insects and on 
mites. 

DDT (dichloro-diphenyl-trichlor- 

oethanel was used at the rate of 
1 pound of the actual material (50, 
60, and 75 percent inert ingredients 
in the compounds used) to 100 gal¬ 
lons of water with no other poison, 
and at % pound or % pound with 
2 pounds of lead arsenate or with 
half-normal strength of fixed nico¬ 
tine. Summer oil at 2 quarts per 
100 gallons was used as a sticker 
and an ovicide. In some of the 
tests a weak Bordeaux was used as 
a safener for the lead arsenate 
where used in combination with 
lead arsenate. 

Tests were conducted in 11 or¬ 
chards in the following counties: 
Johnson, Jackson, St. Clair, Jeffer¬ 
son, Jersey, Calhoun, Pike, Adams, 
and Champaign. The final infesta¬ 
tion data from all but the last one 
are given in Table 1. As will be 
seen from this table, DDT was used 
in comparison with blocks sprayed 
with lead arsenate or nicotine or 
both. In these standard blocks, 
lead arsenate was used at 4 pounds 
to 100 gallons in most applications. 
Nicotine in the standard blocks was 
either a commercially prepared 
fixed nicotine called Black Leaf 155, 
used generally at 3 pounds per 100 
gallons, or a tank-mixed fixed nico¬ 
tine in which 1 pint of nicotine sul¬ 
fate is “fixed” with 8 pounds of 
Mississippi bentonite and 2 quarts 

of summer oil. 

The number of applications var¬ 
ied somewhat in each plot. In gen¬ 
eral it was the plan to spray as 
many times in one plot as another, 
but in several instances the DDT 
plots received one or two fewer ap¬ 
plications than the standard, yet as 
seen in the table, in every test the 
DDT plots were superior to the 
standard plots. The total number 
of sprays ranged from 8 to 15, de¬ 
pending on the general level of in¬ 
festation and the schedule used in 
the orchard by the owner. However, 
in every orchard there were fewer 
DDT sprays than standard sprays 
because DDT was not started until 
the calyx spray of lead arsenate and 
two or three applications of stand¬ 
ard materials had been applied to 
all plots. This was done because, 
for certain reasons, it is not con¬ 
sidered advisable to use DDT con¬ 
tinuously from first to last in the 
spray schedule on apples. 

Partly counterbalancing the ex¬ 
cellent control of codling moth ob¬ 
tained in these tests, certain dis¬ 
advantages of the use of DDT on 
apples were brought out. The most 
general and obvious disadvantages 
were the injury from use of the com¬ 
bination of DDT and summer oil 
and the increase in red spiders and 
mites. Minor disadvantages were 
greener color of fruit at harvest 
and greater degree of russeting in 
a few instances. 

The oil-DDT injury was quite 
general except on certain resistant 
varieties, and began after the third 
or fourth application of the DDT 
and oil. The resistant varieties 
which showed practically no injury 
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Fig. 1.—Spraying in DDT plots. 

were Winesap, Stayman, York, and 
Maiden Blush. Tests are under way 
to determine the need for summer 
oil with DDT, the amounts needed, 
and a safener for the oil, and this 
problem may be worked out. 

Red spiders and mites were found 
to increase in DDT plots because 
parasites and predators are reduced 
to a greater extent by DDT than 
are the hosts. Mites have never 
been much of a problem in Illinois 
apple orchards until the advent of 
DDT. The inclusion of DDT in our 
spray schedules will result in much 
study on the activities and control 
of these pests. 

CONCLUSIONS 

1. Control of codling moth and 
leafhopper was always better in 
DDT blocks than in the standard 
blocks used as a comparison, re¬ 
gardless of the fact that in some 
tests fewer applications of DDT 
were used. 

2. There was considerable evi¬ 
dence to show that DDT with sum¬ 

mer oil can be used at less frequent 
intervals than the standard ma¬ 
terials or that the spray schedule 
of the season may be shortened 
where DDT is used. 

3. The combination of % and V2 

pound of DDT per 100 gallons with 
half strength lead arsenate or nico¬ 
tine gave about as good control as 
1 pound DDT alone. 

4. Of these two combinations, the 
lead arsenate with DDT was some¬ 
what more effective than the DDT- 
nicotine combination. 

5. There was no significant dif¬ 
ference in control with the various 
brands of DDT used. 

6. DDT, as we used it with sum¬ 
mer oil for several applications, 
caused injury somewhat in propor¬ 
tion to the amount of DDT used, 
being less severe in plots in which 
combinations of small amounts of 
DDT with lead arsenate or nicotine 
were used. 

7. Mite injury was moderate to 
severe in all DDT plots, being less 
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severe in plots in which the smaller 
dosages were used. 

8. In the 11 orchards in which 
these tests were conducted, there 
were 3 in which the fruit was green¬ 
er at harvest in the DDT blocks 

than in the standard, 2 in which it 
was smaller, and 3 in which it was 
more russeted. 

These studies will be continued 
by the Natural History Survey for 
the coming season. 

Table 1—Final Infestion Recokds on Picked Fruit in DDT Experimental 

Plots in Illinois, 1945 

Orchard Plot 
No. 

Materials Used Chiefly 
In Spray Schedule 

Amounts per 100 gal. 

Percent 
Wormy 
Apples 

Worms 
Per 100 
Apples 

Percent | 
Stung 
Apples 1 

Stings 
Per 100 
Apples 

Smith 1 DDT 1 lb.1 1.0 1.6 
2 DDT lh Lead Arsenate .4 1.4 
3 13.0 10.7 | 
4 Lead Arsenate, one DDT .... 16.1 11.5 

Sauer 1 DDT 1 lb. 1.0 1.0 2.8 3.2 
2 DDT lb. Lead Ars. 2 lb.. . . 6.6 9.0 5.9 8.7 

3 BL 155. 2.4 2.7 3.5 1 4.7 
4 DDT with nicotine. 9.2 11.4 7.9 10.1 

5 Lead Arsenate. 4.0 5.1 11.9 16.7 

1 DDT 0 0 
2 .4 .7 

Wp^lth v 1 DDT .1 .3 Y f Cell uu y 
Nicotine tank mix .5 5 

Jonathan 1 DDT 3.4 2.6 
2 Nicotine tank mix 16.4 7.0 

1 Lead Arsenate nicotine 2.2 6.6 Gage- 
Pa wk i ns 2 DDT 1 lb 0 .5 

Nugent and 1 BL 155. 11.8 18.3 5.3 7.6 

Schapanski 2 DDT (Dupont) 1 lb. 2.6 2.7 2.2 2.4 

3 DDT (Dupont) 34 lb. Lead 2 2.4 2.5 3.4 5.0 

4 HE 761-late Z39 and Lead. . 68.3 180.9 11.1 62.5 

5 Z39 V2 lb. Lead 2. 59.7 152.3 10.6 50.3 

6 DDT with nicotine. 11.0 15.9 5.4 5.8 

7 DDT (Geigy) 1 lb. 3.6 3.9 4.8 4.8 

8 DDT (Geigy) 34 lb. Lead 2.. 4.8 6.1 3.2 3.5 

9 Lead Arsenate. 19.2 29.0 19.5 44.2 

10 Lead Nicotine split. 12.8 16.4 - 18.4 37.5 

Check None treatment. 92.0 247.0 6.0 19.8 

T-? i n nr n nil Qpn l T iP5} rl \ rspn t,p 2.4 9.5 . 
2 DDT 1 lb .1 1.4 

Coffman l Lead-nicotine split 7.6 14.0 . 
DDT 1 lh from oovpr 4.0 5.0 

Veihl \ 

i/D 1 1 1U. 1I4J111 Ul ll LU VL1 . . . 

T,porl ArQpn^fp mpotinp .7 2.0 
2 

JJCCIU ill OCilCllC, lllV-U IT11C. 
DDT Vo lb Lead 2 0 0 

Chat ten 1 TjPfltl Arspriflt.p 3.0 12.0 
2 DDT 34 lb BL 155 0 0 

Thornton l T Ar^pruitp moot IBP cnlit 45.2 21.8 
2 

liCdAl Aioulldtv, HILUIUIC • 

DDT 1 lb 3.6 5.4 
3 DDT 34 lb Lead 9 7.2 15.0 

1 DDT amounts given are actual DDT. 
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CHECK LIST OF THE BIRDS OF STARVED ROCK STATE 
PARK AND SURROUNDING TERRITORY 

DONALD T. RIES, Normal, III. and FLOYD G. WERNER, Ottaica, III. 

The following is a list of the birds 
observed in Starved Rock State 
Park, LaSalle County, Illinois and 
the immediately surrounding ter¬ 
ritory. A total of 212 species is 
recorded. 

The arrangement of the list is 
based on the fourth A. 0. U. check¬ 

list. 
This list has been made up from 

observations made by the authors, 
as well as by Frank Bellrose and 
Arthur Hawkins of the Illinois 
State Natural History Survey, 
Urbana, Illinois, and Charles J. 
Alikonis, Ottawa Township High 
School, Ottawa, Illinois. 

Notations are made as to the fre¬ 
quency with which the birds have 
been observed and the time of year; 
viz. Common Loon, a migrant—des¬ 
ignates that this bird is seen oc¬ 
casionally during spring and fall 
migrations. 

GAVIIDAE—LOONS 
Common Loon— (Gavia immer immer) 

A migrant. Never very common. 

COLYMBIDAE—GREBES 
Horned Grebe—(Colymbus auritus) 

Scarce during migration. Frequents 
sloughs and other still waters. 

Pied-billed Grebe—(Podilymbus 
podiceps podiceps) 

The “Hell-diver”. Fairly common 
during migration, in the same 
habitats as the former. 

PHALACROCORACIDAE—CORMOR¬ 
ANTS 

Double-crested Cormorant—(Phalacro- 
corax auritus auritus) 

Scarce summer resident, becoming 
common during migration. Best 
known as thq “Nigger Goose”. 

ARDEIDAE—HERONS and BITTERNS 
Great Blue Heron—(Ardea herodias 

herodias) 
Fairly common summer resident. 

Nests in tall trees on islands in 
the Illinois River. 

American Egret—(Casmerodius albus 
egretta) 

Common in the fall. The individuals 
that reach us are young birds 
that wander north after they have 
left the nest. 

Little Blue Heron—(Florida caerulea 
caerulea) 

Scarce summer resident and mi¬ 
grant. 

Eastern Green Heron—(Butorides 
virescens virescens) 

Fairly common summer resident. 
Common along Illinois and Michi¬ 
gan Canal State Park. 

Black-crowned Night Heron— 
(Nycticorax nycticorax hoactli) 

Common summer resident. Nests in 
low trees in the Illinois River 
valley. 

American Bittern—(Botaurus len- 
tiginosus) 

Scarce migrant. More common than 
usually supposed as it is a fre¬ 
quenter of deep cat-tail marshes. 

Eastern Least Bittern—(Ixobrychus 
exilis exilis) 

Occasionally found in the cat-tail 
marshes. 

ANSERINAE—GEESE 
Canada Goose—(Branta canadensis 

canadensis) 
Frequent during migration. Often 

seen flying high overhead but only 
rarely alighting on the river. 

American Brant—(Branta bernicla 
hrota) 

A scarce migrant. 

ANATINAE—SURFACE-FEEDING 
DUCKS 

Mallard—(Anus platyrhynchos 
platyrhynchos) 

Fairly common summer resident, 
nesting here. In January and 
February large flocks occur in the 
Illinois valley, often going out in¬ 
to corn fields to feed. 

Red-legged Black Duck—(Anas rub- 
ripes rubripes) 

This and the next occur in flocks 
intermingling with the Mallard 
in winter. This subspecies is more 
common here. 

Common Black Duck—(Anas rubripes 
tristis) 
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Somewhat scarcer than the former, 
often occurring in the same flocks. 

Gadwall— (Chaulelasmus streperus) 
A scarce migrant. 

Baldpate—(Mareca americana) 
Scarce migrant of early fall. 

Pintail—(Dafila acuta tzitzihoa) 
Scarce migrant in the late fall and 

early spring. 
Green-winged Teal—(Nettion 

carolinense) 
Scarce early fall migrant. 

Blue-winged Teal—(Querquedula 
discors) 

Fairly common early fall migrant. 
Frequent summer resident. 

Shoveller—(Spatula clypeata) 
Common in early fall, on shallow, 

still water. 
Wood Duck—(Aix sponso) 

Quite common during migration 
some years. Also a frequent sum¬ 
mer resident. 

NYROCINAE—DIVING DUCKS 
Redhead—(Nyroca americana) 

Frequent migrant. Seen among the 
huge flocks of Lesser Scaups along 
the Illinois River. 

Ring-necked Duck—(Nyroca collaris) 
Frequent migrant. Here at the same 

time as the Lesser Scaup, but 
segregated, nearer shore. 

Canvas-back—(Nyroca valisineria) 
Once rare. Now frequent during 

migration. 
Lesser Scaup Duck—(Nyroca affinis) 

Our most common duck. During 
migration present in thousands. 
A few nesting here in the sum¬ 
mer. The “Bluebill”. 

American Golden-eye—( Glaucionetta 
clangula americana) 

In small flocks during migration. 
Often in faster water than the 
other ducks. The “Whistler”. 

Buffle-head—(Charitonella albeola) 
“Butterball.” Now rather scarce, 

during migration. 
Old Squaw—(Clangula hyemalis) 

Apparently a rare migrant. One 
specimen taken by a hunter. 

White-winged Scoter— (Melanitta 
deglandi) 

Also rare, with a single specimen 
represented, shot by a hunter. 

ERISMATURINAE—RUDDY and 
MASKED DUCKS 

Ruddy Duck—(Erismatura jamaicen- 
sis rubida) 
Frequent in the fall, along banks of 

the Illinois River. Rarely shot 
by hunters as it leaves before the 
duck season opens. 

MERGINAE—MERGANSERS 
Hooded Merganser— (Lophodytes 

cucullatus) 
Frequent in sloughs during migra¬ 

tion. 
American Merganser—(Mergus mer¬ 

ganser americanus) 
In small flocks on open water dur¬ 

ing migration. 
Red-breasted Merganser—(Mergus 

serrator) 
A scarce migrant. 

ACCIPITRIINAE—SHORT-WINGED 
HAWKS 

Sharp-shinned Hawk—(Accipiter 
velox) 

One of the more common hawks. 
Permanent resident. 

Cooper’s Hawk—(Accipiter cooperi) 
Permanent resident. Quite scarce. 

BUTEONINAE—BUZZARD HAWKS 
Eastern Red-tailed Hawk—(Buteo 

borealis borealis) 
A very scarce permanent resident. 

Northern Red-shouldered Hawk— 
(Buteo lineatus lineatus) 
Scarce permanent resident. 

American Rough-legged Hawk— 
(Buteo lagopus johannis) 

Frequent permanent resident. 
Southern Bald Eagle—(Haliaeetus 

leucocephalus leucocephalus) 
Once frequently seen but now almost 

extinct in this region. 

CIRCINAE—HARRIERS 
Marsh Hawk—(Circus liudsonius) 

Our second most common hawTk, 
over marshes and fields. 

PANDIONINAE—OSPREYS 
Osprey—(Pandion haliaetus carolin- 

ensis) 
Frequent migrant along the Illinois 

River. 

FALCONIDAE—FALCONS 
Eastern Sparrow Hawk—(Falco 

sparverius sparverius) 
Our most common hawk. Seen 

along roads, etc. 

TETRAONIDAE—GROUSE 
Greater Prairie Chicken—(Tympan- 

uchus cupido americanus) 
A species stocked here. Rare. 

PERDICIDAE—PARTRIDGE 
Eastern Bob-white—(Colinus virgin- 

ianus virginianus) 
Permanent resident, fairly common. 

Nests in upland fields and 
thickets. 
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PHASIANIDAE—PHEASANTS 
Ring-necked Pheasant—(Phasianus 

colchicus colchicus) 
Introduced. Scarce permanent resi¬ 

dent. 

RALLIDAE—RAILS, GALLINULES, 
COOTS 

King Rail—(Rallus elegans elegans) 
Summer resident and migrant. In 

deep marshes and rarely seen. 
Virginia Rail—(Rallus limicola limi- 

cola) 
Scarce migrant of the deep marshes. 

Sora—(Porzana Carolina) 
Common for a short period in the 

spring and fall. 
Coot—(Fulica americana) 

“Mudhen.” A common migrant. 

CHARADRIIDAE—PLOVERS and 
TURNSTONES 

Semipalmated Plover—(Charadrius 
semipalmatus) 

Scarce migrant of mud flats. 
Killdeer—(Oxyechus vociferus 

vociferus) 
Frequent summer resident. 

Golden Plover—(Pluvialis dominica 
dominica) 

A rare migrant. 

SCOLOPACIDAE—SNIPE, SAND¬ 
PIPERS, etc. 

Woodcock—(Philohela minor) 
Frequent summer resident. 

Wilson’s Snipe—(Capella delicata) 
Late spring and early fall migrant. 

Common when it occurs. 
Upland Plover—(Bartramia longi- 

cauda) 
Frequent summer resident, along 

roads. 
Spotted Sandpiper—(Actitis 

macularia) 
“Tip-up.” Common migrant and 

scarce summer resident. 
Eastern Solitary Sandpiper—(Tringa 

solitaris solitaris) 
Quite common on mud flats and 

along shores during migration. 
Greater Yellow-legs—(Totanus 

melanoleucus) 
Fairly common migrant. Occurs on 

mud flats with the following. 
Lesser Yellow-legs—(Totanus Flavi- 

pes) 
Fairly common migrant. 

Pectoral Sandpiper—(Pisobia 
melanotos) 

Fairly common migrant. Along 
shores. 

Least Sandpiper—(Pisobia minutilla) 

This and the following are hard to 
separate. Scarce. Migrant. 

Semipalmated Sandpiper—(Ereunetes 
pusillus) 

Scarce migrant. Observed along 
mud flats. 

LARINAE—GULLS 
Herring Gull—(Larus argentatus 

argentatus) 
Common, but not as common as the 

following. Present most of the 
year but much more common in 
the winter. 

Ring-billed Gull— {Larus dela- 
warensis) 

Our most common gull at all times. 
Occurs with the former. 

Bonaparte’s Gull— (Larus philadel- 
phicus) 

A scarce migrant. 

STERNINAE—TERNS 
Common Tern—(Sterna hirundo 

hirundo) 
A frequent migrant. 

Caspian Tern—(Hydroprogne caspia 
imperator ) 

A quite scarce migrant. 
Black Tern—(Chlidonias nigra 

surinamensis ) 
A common migrant, passing up and 

down the Illinois River in large 
flocks. 

COLUMBIDAE—PIGEONS and DOVES 
Eastern Mourning Dove—(Zenaidura 

macroura carolinensis) 
A common permanent resident. 

CUCULIDAE—CUCKOOS and ANIS 
Yellow-billed Cuckoo—(Coccyzus 

americanus americanus) 
Frequent summer resident. 

Black-billed Cuckoo—(Coccyzus 
erythrophthalmus) 

A scarce summer resident. 

TYTONIDAE—OWLS (in part) 
Barn Owl—(Tyto alba pratincola) 

Rare. Single pair nesting along 
Illinois River 8 mi. west of 
Ottawa. 

Eastern Screech Owl—(Otus asio 
naevius) 

Common permanent resident. 
Great Horned Owl—(Bubo virginianus 

virginianus) 
Frequent permanent resident. 

Montana Horned Owl—(Bubo virgin¬ 
ianus occidentalis) 

Record based on a single specimen 
brought in to the Ottawa Town¬ 
ship High School. 
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STRIGIDAE—OWLS (in part) 
Northern Barred Owl—(Strix varia 

varia) 
Several nesting along the cliffs of 

Starved Rock State Park. 
Long-eared Owl—(Asio icilsonianus) 

Only one specimen seen. 
Short-eared Owl—(Asio jlammeus 

flammeus) 
Fairly common. Seen in daytime 

over marshes. 

CAPRIMULGIDAE—GOATSUCKERS 
Eastern Whip-poor-will—(Antrosto- 

mus vociferus vociferus) 
Frequent summer resident in suit¬ 

able places. 
Eastern Nighthawk—(Chordeiles 

minor minor) 
Common summer resident, especial¬ 

ly in cities, where it nests on peb¬ 
bled roofs. 

MICROPODIDAE—SWIFTS 
Chimney Swift—(Chaetura pelagica) 

Common summer resident. 

TROCHILIDAE—HUMMINGBIRDS 
Ruby-throated Hummingbird— 

(Archilochus colubris) 
Quite common summer resident and 

early fall or late summer migrant, 
coming through when the 7m- 
patiens are in bloom. 

ALCEDINIDAE—KINGFISHERS 
Eastern Belted Kingfisher—(Mega- 

ceryle alcyon alcyon) 
Common in summer. A few some¬ 

times stay all winter, near places 
where the water is open. The 
mallards and black ducks often 
keep patches of water open. In 
these the kingfisher does his fish¬ 
ing when the ducks are feeding 
in the fields. 

PICIDAE—WOODPECKERS 
Northern Flicker—(Colaptes auratus 

luteus) 
Common summer resident. 

Red-bellied Woodpecker—(Centurus 
carolinus) 

A permanent resident. 
Red-headed Woodpecker—(Melanerpes 

erythrocephalus ) 
A common summer resident. 

Yellow-bellied Sapsucker—(Sphyra- 
picus varius varius) 

Common migrant in early spring 
and late fall. 

Eastern Hairy Woodpecker—(Dryo- 
bates villosus villosus) 

Scarce permanent resident. 

Northern Downy Woodpecker— 
(Dryobates pubescens medianus) 

Common permanent resident. 
Artie Three-toed Woodpecker— 

(Picoides arcticus) 
A rare winter visitor from the 

north. 

TYRANNIDAE—FLYCATCHERS and 
KINGBIRDS 

Eastern Kingbird—(Tyrannus tyran- 
nus) 

A common summer resident. 
Northern Crested Flycatcher— 

(Myiarchus crinitus boreus) 
A common summer resident. 

Eastern Phoebe—(Sayornis phoebe) 
Frequent in canyons from early 

spring to late fall. 
Yellow-bellied Flycatcher—(Empid- 

onax flaviventris) 
Frequent migrant, occurring on the 

uplands. 
Acadian Flycatcher—(Empidonax 

virescens) 
Rare migrant. 

Alder Flycatcher—(Empidonax trailli 
trailli) 
Rare migrant. 

Least Flycatcher—(Empidonax 
minimus) 
Rare migrant. 

Eastern Wood Pewee—(Myiochanes 
virens) 

Common in upland woods through¬ 
out the summer. 

Olive-sided Flycatcher—(Nutallornis 
mesoleucus) 

Frequent migrant in the uplands. 

ALAUDIDAE—LARKS 
Prairie Horned Lark—(Otocoris al- 

pestris praticola) 
Common in the upland fields in 

winter. A scarce summer resi¬ 
dent. The Northern Horned Lark 
may be the form in the winter but 
we have not been able to dis¬ 
tinguish between the two. 

H1RUNDINIDAE —SWALLOWS 
Tree Swallow—(lridoprocne bicolor) 

Common in summer. Nests in trees 
over water. 

Bank Swallow—(Riparia riparia 
riparia) 

Summer resident. Nests along cliffs. 
Rough-winged Swallow—(Stelgidop- 

teryx ruficollis serripennis) 
Common. Nests in cliffs also. 

Barn Swallow—(Hirundo erythro- 
gaster) 

Frequent summer resident, near 
barns. 
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Northern Cliff Swallow—(Petro- 
chelidon albifrons) 

Common in certain places. Nests 
along cliffs or under bridges. 

Purple Martin—(Progne subis subis) 
Common. Rarely found nesting ex¬ 

cept in the boxes provided for 
their use. 

CORVIDAE—JAYS and CROWS 
Northern Blue Jay—(Cyanocitta 

cristata cristata) 
Common permanent resident. 

Eastern Crow—(Corvus brachyrhyn- 
chos brachyrhynchos) 

Common permanent resident. 

PARIDAE—CHICKADEES and TIT¬ 
MICE 

Black-capped Chickadee—(Penthestes 
atricapillus atricapillus) 

Common permanent resident. 
Tufted Titmouse— (Baeolophus bi¬ 

color) 
Frequent permanent resident. 

SITTIDAE—NUTHATCHES 
Northern White-breasted Nuthatch— 

(Sitta carolinensis carolinensis) 
Fairly common all year. 

Red-breasted Nuthatch—(Sitta cana¬ 
densis) 

A scarce migrant. 

CERTHIIDAE—BROWN CREEPER 
Brown Creeper—(Certhia familiaris 

americana) 
Frequent permanent resident. 

TROGLODYTIDAE—WRENS 
Eastern House Wren—(Troglodytes 

aedon aedon) 
Common summer resident. 

Eastern Winter Wren—(Nannus 
hiemalis hiemalis) 

Frequent in winter. 
Bewicks Wren—(Thryomanes beivicki 

bewicki) 
Scarce summer resident. 

Carolina Wren—(Thryothorus ludovic- 
ianus ludovicianus) 

Fairly common permanent resident. 
Prairie Marsh Wren—(Telmatodytes 

palustris palustris) 
Frequent summer resident in cat¬ 

tail marshes. 
Short-billed Marsh Wren—(Cisto- 

thoris stellaris) 
Scarce migrant in cat-tail marshes. 

MIMIDAE—MOCKERS 
Catbird—(Dumatella carolinensis) 

Common summer resident. 
Brown Thrasher—(Toxostoma rufum) 

Quite common summer resident. 

TURDIDAE—THRUSHES 
Eastern Robin—(Turdus migratorius 

migratorius) 
Common summer resident. Some¬ 

times a few stay all winter. 
Wood Thrush—(Hylocichla mustelina) 

Frequent summer resident. Often 
heard in the Park. 

Eastern Hermit Thrush—(Hylocichla 
gattata faxoni) 

Common migrant of early spring. 
Olive-backed Thrush—(Hylocichla 

ustalata swainsoni) 
Common late migrant. 

Gray-cheeked Thrush—(Hylocichla 
minima) 

Common late migrant. 
Veery— (Hylocichla fnscescens 

juscesctns) 
Rare migiant. 

Eastern Bluebird—(Sialia siaus 
sialis) 

Common migrant and frequent sum¬ 
mer resident. 

SYLVIIDAE—GNATCATCHERS and 
KINGLETS 

Blue-Gray Gnatcatcher — (Polioptila 
caerulea caerulea) 

Frequent migrant and summer resi¬ 
dent. 

Eastern Golden-crowned Kinglet— 
(Regulus satrapa satrapa) 

Common in migration and frequent 
in winter. 

Eastern Ruby-crowned Kinglet— 
(Gorthylio calendula calendula) 

Same as the former. 

BOMBYCILLIDAE—WAXWINGS 
Bohemian Waxwing—(Bombycilia 

garrula pallidiceps) 
Rare migrant. Occurs in flocks of 

the following. 
Cedar Waxwing—(Bombycilla 

cedrorum) 
Frequent migrant but erratic in its 

appearance. 

LANIIDAE—SHRIKES 
Northern Shrike—(Lanius borealis) 

Scarce migrant. 
Migrant Shrike—(Lanius ludovicianus 

migrans) 
Common migrant and frequent sum¬ 

mer resident. The “butcher-bird”. 

STURNIDAE—STARLINGS 
Starling—(Sturnus vulgaris) 

Common permanent resident. 

VIREONIDAE—VIREOS 
Yellow-throated Vireo—(Vireo flavi• 

frons) 
Frequent migrant. 
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Blue-headed Vireo—(Vireo solitarius 
solitarius) 

Scarce migrant. 
Red-eyed Vireo—(Vireo olivaceus) 

Common migrant and frequent sum¬ 
mer resident. 

Eastern Warbling Vireo—(Vireo gil- 
vus) 

Frequent to common summer resi¬ 
dent. 

COMPSOTHLYPIDAE—WOOD 
WARBLERS 

Black and White Warbler—(Mniotilta 
varia ) 

One of the commoner warblers dur¬ 
ing migration. 

Prothonotary Warbler—(Protonotaria 
citrea) 

At least two pairs probably nesting 
near the lakes in the Park. 

Worm-eating Warbler—(Helmitheros 
vermivorus) 

Rare summer resident. 
Golden-winged Warbler—(Verinivora 

chrysoptera) 
Scarce migrant. Occurs in the low¬ 

lands. 
Tennessee Warbler—(Vermivora pere- 

grina) 
Frequent during migration. 

Orange-crowned Warbler— (Vermivora 
celata celata) 

Frequent migrant. 
Nashville Warbler— (Vermivora 

ruficapilla ruficapilla) 
Scarce migrant. 

Northern Parula Warbler—(Comp- 
sothlypis americana pusilla) 

Scarce during migration. 
Eastern Yellow Warbler—(Dendroica 

aestiva aestiva) 
Common summer resident of the 

marshlands. 

Magnolia Warbler—(Dendroica mag¬ 
nolia) 

Common migrant, usually of upland 
woods. 

Cape May Warbler—(Dendroica tig- 
rina) 

Common migrant of the river bot¬ 
toms but erratic in its appearance. 
Some years it does not show up at 
all. 

Black-throated Blue Warbler—(Den¬ 
droica caerulescens) 

Rare migrant. 

Myrtle Warbler—(Dendroica coro- 
nata) 

One of the most common migrant 
warblers, passing through with 
the first waves of migration in the 
spring. 

Black-throated Green Warbler—(Den¬ 
droica virens) 

Quite common during migration, 
seeming to prefer hawthorne trees. 

Cerulean Warbler—(Dendroica 
cerulea) 

Rare migrant. 
Blackburnian Warbler—(Dendroica 

fusca) 
Quite a common migrant but some¬ 

times misses us on its migration 
paths. 

Sycamore Warbler—(Dendroica do- 
minica albilora) 

A single specimen seen at close 
range in Ottawa by the junior 
author. 

Chestnut-sided Warbler—(Dendroica 
pennsylvanica) 

One of the more common migrants. 
Bay-breasted Warbler—(Dendroica 

castanea) 
More scarce than the former. 

Black-poll Warbler—(Dendroica 
striata) 

Frequent during migration. 
Pine Warbler— (Dendroica pinus) 

Scarce migrant of the uplands. 
Western Palm Warbler—(Dendroica 

palmarum palmarum) 
This and the following occur in the 

spring in large numbers. Not as 
conspicuous in the fall. 

Yellow Palm Warbler—(Dendroica 
palmarum hypochrysea) 

Occurs in the flocks with the former 
but more scarce. 

Oven-bird—(Seiurus aurocapillus) 
Common during migration and a 

frequent summer resident. 
Northern Water-thrush—(Seiurus 

noveboracensis noveboracensis) 
Scarce migrant. We have not been 

able to distinguish this from the 
Grinnel’s so this record may be of 
one or both. 

Louisiana Water-thrush—(Seiurus 
motacilla) 

Common during migration and nest¬ 
ing in some of the canyons. 

Kentucky Warbler—(Oporonis jor- 
mosus ) 

Several pairs nest in the Park. 

Connecticut Warbler—(Oporornis 
agilis) 

A common migrant. 

Mourning Warbler—(Oporornis Phila¬ 
delphia) 

Scarce migrant. 
Northern Yellow-throat—( Geothlypis 

trichas brachidactyla) 
Common summer resident of the 

marshes. 
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Yellow-breasted Chat— (Icteria virens 
virens) 

Frequent migrant. 
Hooded Warbler—(Wilsonia citrina) 

A scarce migrant. 
Wilson’s Warbler—(Wilsonia pusilla 

pusilla) 
A scarce migrant of the uplands, 

preferring hawthorne groves. 
Canada Warbler—(Wilsonia cana¬ 

densis) 
Frequent during migration. 

American Redstart—(Setophaga 
ruticilla) 

Common migrant and summer resi¬ 
dent in the marshlands. 

PLOCEIDAE—WEAVER FINCHES 
English or House Sparrow—(Passer 

domesticus domesticus) 
Common in the cities and around 

farms. 
ICTERIDAE—BLACKBIRDS, 

ORIOLES, etc. 
Bobolink—(Dolichonyx oryzivorus) 

Frequent migrant and summer resi¬ 
dent. 

Eastern Meadowlark— (Sturnella 
magna magna) 

Common in fields in summer. 
Eastern Red-wing—(Agelaius 

phoeniceus phoeniceus) 
Common summer and frequent win¬ 

ter resident. 
Orchard Oriole—(Icterus spurius) 

Scarce migrant, usually of river bot¬ 
toms. 

Baltimore Oriole—(Icterus gaVbula) 
Frequent summer resident. 

Rusty Blackbird—(Euphagus caro- 
linus) 

Huge flocks pass through during 
migration. A few winter here. 

Brewer’s Blackbird—(Euphagus 
cyanocephalus) 

A single small flock seen. A speci¬ 
men in the O. H. S. collection. 

Bronzed Grackle—(Quiscalis quiscula 
aeneus) 

Common in the summer. 
Eastern Cowbird— (Molothrus ater 

ater) 
Common in the summer. 

THRAUPIDAE—TANAGERS 
Scarlet Tanager—(Piranga erythro- 

melas) 
Frequent migrant and scarce sum¬ 

mer resident. 

FRINGILLIDAE—SPARROWS 
Eastern Cardinal—(Richmondena car- 

dinalis cardinalis) 
Frequent to common permanent 

resident. 

Rose-breasted Grosbeak—(Hedymeles 
ludovicianus) 

Fairly common summer resident. 
Indigo Bunting— (Passerina cyanea) 

Common in summer. Many nest in 
Park. 

Dickcissel—(Spiza americana) 
Common along roads on the upland 

prairies. 
Eastern Evening Grosbeak—(Hesperi- 

phona vespertina vespertina) 
One flock seen by the late W. E. 

Howard of O. H. S. 
Eastern Purple Finch—(Carpodacus 

purpureus purpureus) 
Quite common during migration. 

Common Redpoll—(Acanthis linaria 
linaria) 

A rare winter visitor. 
Pine Siskin—(Spinus pinus pinus) 

Scarce migrant. 
Eastern Goldfinch—(Spinus tristis 

tristis) 
Common all year but more so in 

summer. 
Red-eyed Towhee—(Pipilo erythro- 

phthalmus erythrophthalmus) 
Quite common summer resident. 

Sometimes known as “Chewink” 
or “Ground Robin”. 

Eastern Grasshopper Sparrow—(Ani- 
modramus savannarum australis) 

A scarce migrant. 
Leconte’s Sparrow—(Pas&erherbulus 

caudacutus) 
A quite rare migrant of the upland 

woods. 
Western Henslow’s Sparrow—(Passer- 

herhulus henslowi he'islowi) 
Seen only once, during migration. 

Eastern Vesper Sparrow—(Pooecetes 
gramineus gramineus) 

A frequent summer resident of the 
prairies. 

Eastern Lark Sparrow—(Ghondestes 
grammacus grammacus) 

A scarce summer resident. Seems 
to prefer the upland thickets. 

Slate-colored Junco—(Junco hyemalis 
hyemalis) 

Common winter resident. 
Eastern Tree Sparrow—(Spizella 

arhorea arhorea) 
Common winter resident. 

Eastern Chipping Sparrow—(Spizella 
passerina passerina) 

A frequent summer resident. 

Eastern Field Sparrow—(Spizella 
pusilla pusilla) 

Common summer resident of the 
uplands. 

White-crowned Sparrow—(Zonotrichia 
leucophrys leucophrys) 
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Common migrant but not nearly as 
common as the following. 

White-throated Sparrow—(Zonotri- 
chia albicollis) 

Common migrant. 
Eastern Fox Sparrow—(Passerella 

iliaca iliacaj 
A frequent winter resident, seeming 

to prefer the uplands, especially 
along hedge fences. 

Swamp Sparrow—(Melospizc georgi- 
ana) 

Quite common during migration in 

marshy places and a few nesting 
here. 

Mississippi Song Sparrow—(Melo- 
spiza melodia beata) 

Common permanent resident of 
marshy places. 

Lapland Longspur—(Calcarius lap- 
ponicus lapponicus) 

A very rare winter visitor. 

Eastern Snow Bunting—(Pletrophenax 
nivalis nivalis) 

A very rare winter visitor. 
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PROTOZOAN PARASITES OF THE BUFONINAE 
(AMPHIBIA)1 

A. C. WALTON 

Knox College, Galesburg 

From a study of collected material 
and a survey of the literature, rec¬ 
ords are available as to the proto¬ 
zoan fauna of 54 species of toads be¬ 
longing to the Bufoninae (53 species 
of Bufo and 1 of Nectophryne). A 
number of conclusions have been de¬ 
rived from this study. 

1. Examples from all of the major 
areas of distribution of Bufo 
are represented—in some cases 
by abundant material (Bufo is 
not recorded from Australia). 

2. The protozoan fauna of at least 
one of the more common species 
from each continent have been 
studied extensively. 
(a) Africa, Bufo regular is— 

32 spp. of protozoa 
(b) Asia, Bufo melanostictus— 

47 spp. 
(c) Europe, Bufo bufo— 

26 spp. 
(d) N. America, Bufo arneri- 

canus—17 spp. 
(e) S. America, Bufo marinus 

—23 spp. 
3. (a) 45 species of protozoa have 

been reported from African 
hosts. 

(b) 62 species have been re¬ 
ported from Asia and the 
adjacent islands of Borneo, 
Japan, Java, Philippines, 
Sumatra, etc. 

(c) 44 species have been re¬ 
ported from Europe. 

(d) 50 species have been re¬ 
ported from North Amer¬ 
ica. 
(1) 40 species from Canada 

and the U. S. A. 

(2) 5 species from Mexico, 
Cuba, and Porto Rico. 

(3) 12 species from Central 
America. 
(A number of the same 
species occur in all 
three areas.) 

(e) 32 species have been re¬ 
ported from South America 
(mainly Brazil). 

4. A total of 4 genera and over 200 
species of protozoa have been 
reported. 

5. The genera Cepedea (19 spp.), 
Opalina (35 spp.), Protoopalina 
(14 spp.), and Zelleriella (22 
spp.) of the Opalinidae as well 
as Balantidium (11 spp.), Nyc- 
totherus (7 spp.), and Trypano¬ 
soma (20 spp.) seem to be the 
most widely distributed and the 
most common protozoan forms. 

6. Trichomonas august a and Try¬ 
panosoma rotatorium seem to be 
the most nearly cosmopolitan 
species in their distribution. 

7. The reported occurrence of Nyc- 
totherus cordiformis from other 
than European hosts probably 
represents errors in specific 
identifications. 

8. A number of new combinations 
are made in the nomenclature. 
(a) Trichomastix sp? of Dobell, 

1910 is referred to the 
genus Eutrichomastix as 
recently defined by Kofoid. 

(b) Trichomastix sp? of Fan- 
tham, 1924 and T. sp? of 
Fantham, 1931 are similar¬ 
ly transferred to Eutricho¬ 
mastix. 

1 Contribution from the Biological Laboratories of Knox College, No. 114. 
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(c) Herpetomonas xenopi Fan- 
tham, 1922, and H. sp? of 
Fantham, 1931 are trans¬ 
ferred to the genus Leish- 
mania to accord with the 
transfer of other amphib¬ 
ian herpetomonads recently 
announced. 

(d) Zschokkella prashadi Ray, 
1933 is declared a nomen 
nudum inasmuch as neither 
description nor figures have 
accompanied the original 
designation of the species. 

9. A strong probability exists that 
Opalina obtrigonoidea Metcalf, 
1923 is identical with 0. tri¬ 
angularis Ghosh, 1918. In such 
case the various subspecies and 
varieties of 0. obtrigonoidea 
should be referred to 0. triangu 
laris and should therefore be¬ 
come respectively, 0. triangu¬ 
laris americana (Metcalf), 0. t 
americana rugosa (Met.), 0. t. 
austricola (Met.), 0. t. japonica 
(Hara), 0. t. lata (Met,), 0. t. 
maxima (Met.), 0. t. orbiculata 
(Met.), 0. t. plicata (Met.), and 
0. t. rugosa (Met.). 

10. The criteria used by Metcalf 
and others in the subdivision of 
certain of the species of the 
Opalinidae do not seem to be 
definite enough to enable other 
workers to recognize all of the 
varietal forms thus established 
(in many cases on the basis of 
study of poorly preserved mate¬ 
rial taken from preserved host 
specimens). The species desig¬ 
nations seem to .be valid, but 
doubt exists as to the validity 
of many of the subspecies and 
varieties reported. A host dif¬ 
ference within the range of a 
limited area is of doubtful value 
in establishing subspecies when 
morphological differences in the 
parasite are impossible to cata¬ 
log. 

The following list includes the 
hosts and parasites used as a basis 
for drawing the above conclusions. 

1. BUFO AMERICANUS (Canada, 
U. S. A.) 

1. Haemoproteus lanoraiea 
2. H. laurentiae 
3. H. lavalia 
4. Haptophrya michiganensis 
5. Karotomorpha swezyi 
6. Leptotheca ohlmacheri 
7. Nyctotherus (?)cordiformis 
8. Opalina obtrigonoidea ameri¬ 

cana 
9. O. obtrig. amer. rugosa 

10. Phacus sp? of Hegner 
11. Plasmodium bufonis 
12. Trichomonas augusta 
13. Trypanosoma gaumontis 
14. T. inopinatum 
15. T. lavalia 
16. T. montrealis 
17. T. rotatorium 

2. BUFO AMERICANUS COPEI 
(Canada) 

1. Balantidium sp? of Metcalf 
2. Opalina discophrya 

3. BUFO ANDERSONII (Africa) 
1. Haptophrya gigantea 

4. BUFO ANGUSTICEPS (Africa) 
1. Protoopalina gariepensis 

5. BUFO ARENARUM (S. America) 
1. Myxidium immersum 
2. Nyctotherus (?)cordiformis 
3. Trichomonas batrachorum 
4. Zelleriella antilliensis 
5. Z. antunesi 
6. Z. uruguayensis 

6. BUFO ASPER (S. E. Asia) 
1. Cepedea siamensis 

7. BUFO BOREAS (Canada, U. S. A.) 
1. Balantidium sp? of Metcalf 
2. Opalina obtrigonoidea maxima 

8. BUFO BOREAS HALOPHILUS 
(U. S. A.) 

1. Opalina intermedia 
2. O. obtrigonoidea maxima 
3. Trichomonas augusta 

9. BUFO BUFO (Europe) 
1. Balantidium entozoon 
2. Cepedea huergeri 
3. C. dimidiata 
4. Chilomastix caulleryi 
5. Chlamydophrys stercorea 
6. Copromonas subtilis 
7. Eimeria transcaucasia 
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8. Entamoeba currens 
9. E. ranarum 

10. Hexamita intestinalis 
11. Isospora sp? of Wenyon 
12. Karotomorpha bufonis 
13. Leptomonas jaculum (experi¬ 

mental) 
14. Monocercomonas rotunda 
15. Nyctotherus cordiformis 
16. Opalina cincta 
17. O. ranarum 
18. Plistophora bufonis 
19. Retortamonas dobelli 
20. Trichomonas augusta 
21. T. batrachorum 
22. T. granulosa 
23. Trimitus parvus 
24. Trypanosoma rotatorium 
25. T. sp? of Grassi 
26. T. sp? of Laveran and Mesnil 

10. BUFO BUFO ASIATICUS (E. Asia) 
1. Opalina asiatica 
2. O. bufoxena 
3. Protoopalina axonuclcata 
4. P. hexasoma 

11. BUFO BUFO FORMOSUS (Japan) 
1. Cepedea fujiensis 
2. Opalina japonica 

12. BUFO BUFO JAPONICUS (Japan) 
1. Protoopalina hexasoma 

13. BUFO CALAMITA (Europe) 
1. Entamoeba ranarum 
2. Hexamita parva 
3. H. sp? of Kofoid, McNeil, and 

Bonestall 
4. Mastigamoeba hylae 
5. Protoopalina caudata 
6. P. intestinalis 
7. Syndyomita neglecta 
8. Trichomonas augusta 
9. T. batrachorum 

10. T. granulosa 

14. BUFO CARENS (Africa) 
1. Eutrichomastix sp? (Fantham) 
2. Leishmania sp? (Fantham) 
3. Protoopalina octomixa 
4. P. viridis 

15. BUFO CELEBENSIS (Celebes Is.) 
1. Cepedea celebensis 

16. BUFO COGNATUS (U. S. A.) 
1. Opalina discophrya 
2. 0. sp? of Trowbridge and 

Hefley 
3. Trichomonas augusta 
4. Zelleriella hirsuta 

17. BUFO COMPACTILIS (U. S. A.) 
1. Balantidium sp? of Metcalf 
2. Nyctotherus sp? of Metcalf 
3. Opalina spiralis 

4. Trichomonas augusta 
5. Trypanosoma rotatorium 

18. BUFO CONIFERUS (Cent. 
America) 

1. Balantidium sp? of Metcalf 
2. Zelleriella opisthocarya 

19. BUFO CRUCIFER (S. America) 
1. Zelleriella antunesi 
2. Z. antunesi quadrata 
3. Z. uruguayensis 

20. BUFO CRUENTATUS (Java) 
1. Balantidium sp? of Metcalf 

21. BUFO DIVERGENS (Borneo) 
1. Cepedea celebensis 

22. BUFO D’ORBIGNYI (S. America) 
1. Myxidium immersum 
2. Nyctotherus (?) cordiformis 
3. Trichomonas batrachorum 
4. Zelleriella antilliensis 
5. Z. antunesi 
6. Z. uruguayensis quadrata 

23. BUFO FOWLERI (U. S. A.) 
1. Balantidium sp? of Metcalf 
2. Hexamita intestinalis 
3. Nyctotherus (?) cordiformis 
4. Opalina obtrigonoidea 
5. O. obtrig. americana 
6. O. obtrig. amer. rugosa 
7. O. obtrig. plicata 
8. O. obtrig. rugosa 
9. O. (?) triangularis 

10. O. triangulata 
11. O. virguloidea 
12. O. spp? of Brandt 
13. Trypanosoma rotatorium 

24. BUFO GARGARIZANS (China) 
1. Cepedea buergeri sinensis 

25. BUFO HAEMATITICUS (Cent. 
America) 

1. Balantidium sp? of Metcalf 
2. Cepedea dolichosoma 
3. Opalina sp? of Metcalf 
4. Zelleriella bufoxena 

26. BUFO INTERMEDIUS (Mexico) 
1. Zelleriella intermedia 

27. BUFO JERBOA (Borneo) 
1. Cepedea borneonensis 

28. BUFO LEMUR (Porto Rico) 
1. Zelleriella microcarya 

29. BUFO MACROTIS (India) 
1. Balantidium amygdali 
2. Cepedea sialkoti 
3. Nyctotherus reniformis 
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30. BUFO MARINUS (Cent, and S. 
America, and Zool. Gardens, 
England) 

1. Balantidium sp? of Ki. lo 
2. Dactylosoma ranarum 
3. Haemogregarina aguai 
4. H. bufo-marinus 
5. H. cayennensis 
6. H. darlingi (?) = 
7. H. sp? of Darling 
8. H. sp? of Franca 
9. H. sp? of Plimmer 

10. H. spp? of Wenyon (Eng.) 
11. Lankesterella sp? of Wenyon 

(Eng.) 
12. Myxidium immersum 
13. M. lindoyense 
14. Nyctotherus (?)cordiformis 
15. N. tejerai 
16. Opalina sp? of Pearse 
17. Saccamoeba renacuajo 
18. Trichomonas augusta 
19. T. vitali 
20. Zelleriella antilliensis 
21. Z. antunesi 
22. Z. artigasi 
23. Z. opisthocarya 
24. Z. paulista 
25. Z. sp? of Chen and Stabler 

31. BUFO MAURITANICUS (Africa) 
1. Haemogregarina tunisiensis 
2. Protoopalina caudata 
3. P. intestinalis 
4. Trypanosoma bocagei 
5. T. rotatorium 

32. BUFO MELANOSTICTUS (S. E. 
Asia) 

1. Balantidium bicavata 
2. B. sp? of Chakravorti 
3. Cepedea dimidiata 
4. C. formosae (China) 
5. C. metcalfi 
6. C. pulchra javensis 
7. C. punjabensis 
8. C. seychellensis angusta 
9. C. subcylindrica 

10. C. virgula 
11. Discophrya sp? of Metcalf 
12. Eimeria laminata 
13. Eutrichomastix(?) batrachorum 
14. E. sp? of Dobell 
15. Haemogregarina boueti 
16. H. nucleobisecans 
17. H. tonkinensis (China) 
18. H. sp? of Franca 
19. H. sp? of Houdemer 
20. H. sp? of Mathis and Leger 
21. H. sp? of Prowazek 
22. Hexamita sp? (of Dobell) 
23. Isospora wenyoni 
24. Nyctotherus (?) cordiformis 
25. N. papillatus 

26. Opalina chattoni 
27. O. coracoidea 
28. O. cora lahorensis 
29. O. minuta 
30. O. obtrigonoidea plicata 
31. O. plicata 
32. O. ranarum 
33. O. scalpriformis 
34. O. triangularis 
35. O. sp? of Bezzenberger 
36. Protoopalina formosae (China) 
37. Toddia sp? of Mathis and Leger 
38. Trichomonas batrachorum 
39. T. sp? of Dobell 
40. Trypanosoma bocagei magna 
41. T. bocagei parva 
42. T. chattoni 
43. T. rotatorium 
44. T. sp? of Laveran and Mesnil 
45. Zelleriella macronucleata 
46. Zschokkella auerbachi 
47. Z. prashadi (nomen nudum) 

33. BUFO MONKSIAE (Mexico) 
1. Zelleriella opisthocarya 

34. BUFO PARACNEMIS (S. America) 
1. Trypanosoma butantanense 

(experimental) 
2. T. rotatorium 

35. BUFO PELTACEPHALUS (Cuba) 
1. Protoopalina sp? of Metcalf 
2. Zelleriella sp? of Metcalf 

36. BUFO PHILIPPINICUS (Philip¬ 
pines) 

1. Cepedea philippensis 

37. BUFO POLYCERUS (=B. latifrons) 
(W. Africa) 

1. Balantidium sp? of Metcalf 
2. Cepedea magna 

38. BUFO PUNCTATUS (U. S. A.) 
1. Opalina obtrigonoidea 
2. O. (?) triangularis 
3. Zelleriella sp? of Metcalf 

39. BUFO QUADRIPORCATUS 
(Sumatra) 

1. Cepedea philippensis 

40. BUFO RADDEI (China) 
1. Opalina pekinensis 
2. O. raddei 

41. BUFO REGULARIS (Africa) 
1. Entamoeba sp? of Fantham 
2. Eutrichomastix sp? (of 

Fantham) 
3. Giardia agilis (in tadpoles) 
4. Haemogregarina boueti 
5. H. froilano 
6. H. pestanae 
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7. H. tunisiensis (= H. sp? of 
Macfie) 

8. H. sp? of Balfour 
9. H. sp? of Bouet (?= H. boueti) 

10. H. sp? of Franca 
11. H sp? of Plimmer 
12. Leishmania xenopi (Fantham, 

1922) 
13. Opalina sudafricana 
14. Protoopalina nutti 
15. P. regularis 
16. P. stevensoni 
17. P. transvaalensis 
18. P. sp? of Metcalf 
19. Toddia bufonis 
20. Trichodina bufonis 
21. Trichomonas batrachorum 
22. Trypanosoma bocagei magna 
23. T. bocagei parva 
24. T. inopinatum 
25. T. karyozeukton 
26. T. magna 
27. T. rotatorium 
28. T. somalense 
29. T. varani 
30. T. sp? of Bouet 
31. T. sp? of Laveran and Mesnil 
32. T. sp? of Stevenson 

42. BUFO REGULARIS GUTTERALIS 
(Africa) 

1. Opalina sudafricana gutteralis 

43. BUFO RETICULATUS (Africa) 
1. Trypanosoma rotatorium 
2. T. somalense 
3. T. sp? of Laveran and Mesnil 

44. BUFO SMITHII (Japan) 
1. Opalina ranarum smithi 

45. BUFO SPINULOSUS (S. America) 
1. “Abibes” sp? of Escomel 
2. “Monadiens” sp? of Escomel 
3. Nyctotherus sp? of Escomel 
4. Opalina ranarum 
5. Trichomonas augusta 
6. T. batrachorum (in tadpoles) 
7. T. “hominis” of Escomel 
8. Zelleriella sp? of Metcalf 

46. BUFO STERNOSIGNATUS 
(Mexico) 

1. Zelleriella ovonucleata bufonis 

47. BUFO TERRESTitlS (U. S. A.) 
(= B. lentiginosus) 

1. Cepedea obovoidea 
2. Leptotheca ohlmacheri 
3. Myxidium serotinum 
4. Opalina triangulata 

48. BUFO TYPHONIUS (Cent. 
America) 

1. Opalina panamens:s 
2. Zelleriella opisthocarya 

49. BUFO VALLICEPS (U. S. A.) 
1. Balantidium sp? of Metcalf 
2. Leptotheca ohlmacheri 
3. Nyctotherus (?)cordiformis 
4. Opalina obtrigonoidea 
5. O. (?) triangularis 
6. Retortamonas dobelli 
7. Trichomonas augusta 
8. Zelleriella intermedia 
9. Z. intermedia cuneata 

50. BUFO VARIEGATUS (S. America) 
1. Balantidium sp? of Metcalf 

51. BUFO VIRIDIS (Europe) 
1. Cepedea dimidiata 
2. Opalina ranarum 
3. O. ranarum lata 
4. Protoopalina caudata 
5. Trichomonas batrachorum 
6. Trypanosoma rotatorium 
7. T. sp? of Laveran and Mesnil 

52. BUFO WOODHOUSEI (U. S. A.) 
1. Balantidium sp? of Metcalf 
2. Opalina woodhousii 
3. 0. sp? of Trowbridge and 

Hefley 
4. Zelleriella woodhousii 
5. Z. sp? of Chen and Stabler 
6. Z. sp? of Metcalf 

53. BUFO spp? (Europe) 
1. Haemogregarina sp? of Hoare 
2. Isospora lieberkiihni 
3. I. sp? of Grassi 
4. Lankesterella minima 
5. Nyctotherus amaniensis 
6. Trichodina urinicola 
7. Trichomonas mirabilis 
8. Trypanosoma sp? of Stevenson 

54. NECTOPHRYNE HOSEI (Borneo) 
1. Cepedea hosei 
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COLLEGIATE SECTION 

GALL INSECTS TAKEN AT PRINCIPIA COLLEGE, 

ELSAH, ILLINOIS 
JEANNE R. EHRENBORG 

A study of gall insects has been 
made over a period of four years at 
Principia College, Elsah, Illinois, by 
C. L. Remington and the writer. 
This study has included the rearing 
of gall insects in the laboratory and 
observations in the field. Acknowl¬ 
edgment for identifications should 
be made to Dr. L. H. Weld for Cyni- 
poidea; to the late Dr. E. P. Felt 
for Cecidomyiidae; to Dr. J. McDun- 
nough for moths; to Mr. R. A. Cush¬ 
man for Ichneumonidae, and to Mr. 
A. B. Gahan for Chalcidoidea. 

Identifications of gall insects and 
parasites are very difficult to make; 
therefore a large number of speci¬ 
mens has not yet been determined. 

A very large proportion of the in¬ 
sects which have emerged from galls 
in the laboratory have been para¬ 
sites, and in many cases the actual 
gall-maker remains unknown. Stu¬ 
dents of gall insects in the United 
States have found that the Cyni- 
pidae or gall wasps and Cecidomy- 
idae or gall flies include by far the 
greater number of gall-makers, while 
various aphids, and mites of the 
family Eriophyidae also cause many 
galls. A relatively small number of 
galls are caused by the dipterous 
families Trypetidae and Agromy- 
zidae, certain sawflies and chalcid- 
wasps, a few species of moths, and 
very few Coleoptera. This has prov¬ 
ed precisely the case in the vicinity 
of Elsah. It seems desirable to give 
an annotated list of gall insects and 
their parasites which have thus far 
been identified. 

HOMOPTERA 
Family Aphididae. 

Phylloxera caryae-fallax Riley. Sev¬ 
eral specimens emerged from hem¬ 
ispherical gall on Carya leaflet, 
spring 1943. 

LEPIDOPTERA 
Family Lavernidae 

Walshia amorphella Clemens. Rear¬ 
ed from twig galls on False In¬ 
digo Amorpha fruticosa: Apr. 21 
and 29, 1943. Parasitized by 
ichneumons: Acrolyta empretiae 
Ashm., Pristomerus ocellatus 
Cush., and Calliephialtes grapho- 
lithae Cress. 

Family Gelechiidae 
Gnorimoschema gallaesolidaginis 

Riley. Very common. Parasitized 
by Sesioplex depressus Viereck. 
The elliptical stem gall on Soli- 
dago. 

DIPTERA 
Family Cecidomyiidae 

Lasioptera n. sp. Reared from el¬ 
liptical stem gall on Chenopodium 
alba. 

Neolasioptera ramuscula Beuten. 
Host: stem gall on Aster multi- 
florus. Very abundant, parasi¬ 
tized by Platygaster sp. (probably 
P. puto Ashm.) and by Tetrasti- 
chus sp. and Eupelmus n. sp. 

Family Trypetidae 
Eurosta solidaginis Fitch. One of 

the commonest gall makers in the 
Elsah area. Causes the large 
globose stem gall on Solidago. 
Overwinters as pupa. Adults 
emerge in April and May. 

HYMENOPTERA 
Family Cynipidae 

Kleidotoma sp. One female take 
Apr. 26, 1943. 

Aulacidea podagrae Bassett. Ten 
reared from large knobby stem 
gall on Lactuca. May 31, 1943. 

Diastrophus nehulosus Osten Sacken. 
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Numbers emerged from gall on 
Rubus: March 11 and 13, 1942; 
Apr. 15, 1943. Parasites reared 
include: Callimome sacheni 
Ashm., Ormyrus ventricosus 
Ashm., and an unidentified ptero- 
malid. 

Callirhytis futilis Osten Sacken. 
Two agamic females taken Apr. 
12, 1943. 

Zoplneroteras hubbardi Ashm. Fe¬ 
male found in rotten log March 
30, 1943, by Daniel Starrett. Dr. 
Weld knew of only four other 
specimens, taken in Michigan, 
New York, Maryland and Vir¬ 
ginia. 

Dryocosmus palustris Osten Sacken. 
Female emerged from twig gall of 
Quercus sp. May 16, 1943. 

Dryocosmus deciduus Beutenmuel- 
ler. Female taken April 17, 1943. 

Synergus walshii Gill. One male of 
this guest wasp emerged from 
round compound gall 5 mm. in 
diameter on underside of leaf of 
Quercus alba found on ground in 
winter. Ex-pupa Apr. 11, 1943. 

Loxaulus “sp. No. 14”. Mr. Weld 
returned it so labeled. Female 
taken April 17, 1943. 

Euceroptres primus Ashmead. One 
swept from grass April 29, 1943. 
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MEMORIALS 
R. MAGOON BARNES 

1862-1945 

R. Magoon Barnes was born at 
Lacon, Illinois, April 21, 1862. He 
died at Hennepin, Illinois, Jnly 19, 
1945, in his 83rd year. 

R. Magoon Barnes was a student 
at Northwestern University, 1879- 
1880, and from 1880-1883 at Illinois 
Wesleyan Law School where he re¬ 
ceived his bachelor’s degree in Law. 
He was admitted to the Illinois bar 
the same year and practiced law un¬ 
til his death. 

Judge Barnes was one of those 
many-sided individuals who was not 
only outstanding in his chosen pro¬ 
fession but who found the oppor¬ 
tunity in his busy life to devote 
much time and valuable effort to 
civic affairs in his community, to the 
study of natural history, especially 
ornithology, geology, palaeontology 
and conservation. He was particu¬ 
larly interested in birds and bird 
life. For many years he published 
the Oologist but finally discontinued 
it in 1941. 

Some years ago Judge Barnes es¬ 
tablished a private natural history 
museum in a specially constructed 
building near his home. All inter¬ 
ested persons, school children especi¬ 
ally, were welcome at all times to 
visit it. For his services to the com¬ 
munity for furthering scientific 
knowledge and making important 
collections, Judge Barnes was ap¬ 
pointed assistant curator of Oology 
in 1898 at the Chicago Museum of 
Natural History (then the Field 
Museum). 

In 1925 he placed in the ‘'Field 
Museum of Natural History his 
largest and by far the most complete 
serial study collection of North 
American birds’ eggs in existence, 
38,721 specimens,” and has since 

increased it by “ a considerable num¬ 
ber of additional and rare varie¬ 
ties.” 

The lawyer and naturalist was 
mindful of his duties as a citizen, 
too. He was elected to various offices 
in the local government—city attor¬ 
ney 1885-1887, treasurer 1887-1889, 
Mayor of Lacon 1889-1891, and Mas¬ 
tery in Chancery, Marshall County 
Circuit Court 1891-1901. He was 
for many years a member of the La¬ 
con School Board, a director of the 
First National Bank of Lacon. and 
president of the Citizens National 
Bank of Toluca. 

In 1937 he was appointed to the 
Board of State Museum Advisors 
with which he had met at Governor 
Florner’s request for some years pre¬ 
viously. He entered with character¬ 
istic thoroughness and enthusiasm 
into his new duties, among other un¬ 
dertakings securing for the Illinois 
State Museum the very excellent A. 
E. Price egg collection which he fur¬ 
ther supplemented from his own mu¬ 
seum specimens. Judge Barnes was 
a strong advocate for a new state 
museum building which would per¬ 
mit adequate extension services to 
schools and rural communities as 
well as ample storage and exhibit 
space in the museum itself. 

R. Magoon Barnes, with his keen 
sense of humor, his mental alertness, 
and his fine physical appearance 
seemed a much younger man than 
his years. He spent his last day in 
court and spoke for over an hour in 
defense of a client. His death 
leaves a void in scientific and mu¬ 
seum fields that will be difficult to 
fill. 

-—Thorne Deuel, 

Illinois State Museum 
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DELIA CALDWELL 

1860-1945 

Dr. Delia Caldwell was born in 
Hopkinsville, Kentucky March 25, 
1860, the seventh child of Isaac 
Hudgen Caldwell and Evaline Stites 
Caldwell. Her death occurred at 
her home in Carbondale, Illinois 
November 28, 1945. 

The Caldwell family was of Eng¬ 
lish ancestry. The mother of the 
famous Southern statesman, John 
Caldwell Calhoun, was a member of 
this Caldwell family. Dr. Caldwell’s 
mother was a grandniece of Richard 
Johnson, Vice President of the 
administration of Martin Van 

Buren. 
The Caldwell family moved from 

Hopkinsville, Kentucky, to Carbon- 
dale, Illinois, in 1868. Delia Cald¬ 
well was then about eight years of 
age. In 1878 she graduated from 
the Southern Illinois Normal Uni¬ 
versity in the third graduating class 
of the school. After teaching in the 
public schools for several years, she 
entered the Medical College of 
Northwestern University, graduat¬ 
ing from that institution in 1895. 
Dr. Caldwell began the practice of 
medicine at Paducah, Kentucky, 
where she continued to practice for 
23 years. 

In 1918 she moved to Carbondale, 
Illinois. About three years after she 
came to Carbondale, she was called 
upon by the late President H. W. 
Shryock to become a member of the 
faculty of the Southern Illinois 
Normal University, to establish the 
health department in the school. 
She did much for the basic organi¬ 
zation and development of the health 
work on the campus, making possible 
the present efficient Department of 
Health in the institution. In 1935 
she retired from active service in the 
school with the status of Professor 
Emeritus. 

Dr. Caldwell was a member of the 
American Medical Association, the 
American Medical Women’s Associa¬ 
tion, the Illinois State Academy of 
Science, the National Society of the 
Daughters of the American Revolu¬ 
tion, and numerous other organiza¬ 
tions. In her busy life she always 
found time to serve in religious, so¬ 
cial, and civic institutions for the 
welfare of the community and man¬ 
kind in general. 

—Wm. M. Bailey, 

Southern Illinois 

Normal University 
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ALBERT PRUDEN CARMAN 

1861-1946 

Albert Pruden Carman was born 
in 1861 in New Jersey, the son of a 
minister. He attended Princeton 
University and graduated from that 
institution in 1883 with the A. B. 
degree. The fact that he had al¬ 
ready distinguished himself as a 
scholar is indicated by his appoint¬ 
ment at that time as a teacher and 
fellow at Princeton. He also obtain¬ 
ed the degree of Master of Arts 
there in 1884, and a Doctor of 
Science in 1886. While doing his 
graduate studies at Princeton, Pro¬ 
fessor Carman served as an instruct¬ 
or in physics and mathematics. 

Still ambitious to learn and to 
prepare himself for the outstanding 
career which was to follow, Profes¬ 
sor Carman attended the University 
of Berlin in 1888-1890 where he had 
the privilege of being a student of 
Helmholz. 

Returning to America in 1890, he 
accepted the position of Professor of 
Physics and Electrical Engineering 
at Purdue University, serving in this 
capacit}^ until 1893 when he joined 
the faculty of Stanford University 
as Professor of Theoretical Physics. 
He maintained the connection with 
Stanford until 1896, though the last 
year of this period was spent in fur¬ 
ther study at the University of Vi¬ 
enna. 

It was in September of 1896 that 
Professor Carman came to the Uni¬ 
versity of Illinois as head of the 
physics department and in charge of 
electrical engineering. At this time 
the profession of electrical engineer¬ 
ing was rapidly developing and 
these duties were taken over by a 
full-time man in 1897, Professor 
Carman concentrating all his en¬ 
ergies on physics. He remained as 
head of the department of physics 
until 1929, when he retired from 

active duty after serving the Univer¬ 
sity of Illinois for thirty-three years. 

Professor Carman was very 
proud of the department of physics 
which grew up under his direction 
during his years of service to be one 
of the outstanding departments in 
the nation. In all these years Pro¬ 
fessor Carman exhibited a primary 
interest in training his students in 
the knowledge and appreciation of 
the laws of nature and in the growth 
and professional development of his 
colleagues. 

During these years at Illinois he 
wrote the section on electricity and 
magnetism of the classical textbook 
of physics edited by Duff. He saw 
to the planning and equipping of 
the present physics laboratory 
which, completed in 1910, remained 
one of the best laboratories of phy¬ 
sics for many years. He organized 
the first professional curriculum in 
engineering physics in the United 
States, anticipating by many years 
the importance of thorough training 
in physics now so clearly recognized 
by the foremost engineering schools. 

While always maintaining a first 
interest in teaching, Professor Car¬ 
man found time for significant re¬ 
search. He directed important and 
fundamental research in the field of 
dielectrics, and cooperated with his 
staff in engineering research. He 
was aware that the good teacher 
must take an active interest in re¬ 
search, and encouraged his staff to 
maintain a like interest. 

He was a great reader and spent 
many hours in the librarjT of the 
department, keeping in touch with 
the rapid development in physics 
which occurred during his life. 
There were few items which escaped 
his attention, and the breadth and 
clarity of his understanding was 
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often a surprise to those who sought 
his advice in technical fields. 

All through his life he maintained 
a keen interest in his associates, and 
he counted as these all those who 
contributed to the development of 
knowledge, though he remained al¬ 
ways loyal to his own field. This 
broad personal interest gave Profes¬ 
sor Carman many friends, and he 
was respected and admired by all 
who knew him. 

Coming to the University of Illi¬ 
nois of Illinois in 1896, he knew the 
region when it was still a rural com¬ 
munity. He took an active interest 
in the growth and development of 
the twin cities. He was married in 
1900 to Maude Wheeler Straight, 
then on the university staff, and 
both Professor and Mrs. Carman 
took a keen interest in student ac¬ 
tivities. 

Professor Carman experienced 
great loss in his later years due to 
failing vision. He met this difficulty, 
however, with cheerful fortitude and 

maintained his scholarly interests up 
to his death which occurred on the 
10th of February, 1946. 

His life will be remembered long 
as one of continued devotion to the 
cause of education. His loyalty to 
his work and to the University he 
served, is exemplary; his sincerity 
and personal integrity, outstanding. 
Plis scholarship was broad and 
sound, and he gave of his knowledge 
freely and unselfishly to the develop¬ 
ment of the University which he 
served. If we look in the University 
Register for 1944-45 we find the 
name of Albert Pruden Carman fol¬ 
lowing that of David Kinley. Both 
of these names will be gone from the 
Register of 1945-46. These men 
were contemporaries, and alike in 
their loyal service to the University 
of Illinois. 

—F. W. Loomis 

—E. H. Williams 

—R. F. Paton 

University of Illinois 
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THEODORE HENRY FRISON 

1895-1945 

Theodore Henry Frison was born 
in Champaign, Illinois, January 
17, 1895, and died in Cham¬ 
paign, December 9, 1945. Dr. Frison 
spent most of his life in Cliampaign- 
Urbana, where he attended Cham- 
paign High School and later the 
University of Illinois. During his 
high school years, he was a neighbor 
of J. W. Folsom, who tutored him in 
his early interest in entomology. Dr. 
Frison’s college career was inter¬ 
rupted in 1918 when he entered the 
army, was commissioned a second 
lieutenant and resigned in December 
of the same year to resume his study 
of entomology at the University of 
Illinois. There he received his B.A. 
in 1918, M.A. in 1920, and Ph.D. in 
1923. 

In 1920, after receiving his mas¬ 
ter’s degree, he was appointed As¬ 
sistant State Entomologist of Wis¬ 
consin. In 1921-22, he joined the 
staff of the Illinois Natural History 
Survey as Systematic Entomologist. 
In 1917, the State Laboratory of 
Natural History and the office of 
State Entomologist had been merged 
to form the Natural History Survey, 
with Forbes as Chief. Upon Forbes’ 
death in 1930, Frison became acting 
head of the Survey, and on July 1, 
1931, he was named Chief, a posi¬ 
tion he has since held. 

Dr. Frison was internationally 
known for his studies of bumblebees, 
aphids, and stoneflies, and he con¬ 
tinued his work on these groups, es¬ 
pecially the stoneflies, until his last 
illness. 

After he became Chief of the 
Natural History Survey, adminis¬ 
trative duties claimed much of his 
time. Under his direction, the mod¬ 
ern laboratories and offices of the 
Survey in the Natural Resources 

Building were planned and com¬ 
pleted. He took an active interest 
in wildlife research in Illinois and 
was one of the principal persons re¬ 
sponsible for the organization of the 
Midwest Wildlife Conference, whose 
first meeting was held in Urbana in 
1935. He also took a very active part 
in the Illinois State Academy of 
Science and served as President of 
that organization in 1931-32. He 
has been a Director of the Central 
States Forestry Congress since 1933 
and of the Illinois Audubon Society 
since 1942. He was Editor of the 
Journal of Economic Entomology 
from 1936 to 1939, and a Vice Presi¬ 
dent of the Entomological Society of 
America in 1935. 

Among entomologists he will al¬ 
ways be remembered for his rejuven¬ 
ation of the Insect Survey of Illi¬ 
nois. Definite plans for this were 
laid in 1927 and resulted in the be¬ 
ginning of a series of comprehensive 
reports on the biology, distribution, 
and taxonomy of various groups of 
Illinois insects. In this series, Dr. 
Frison published ‘ ‘ The Fall and 
Winter Stoneflies of Illinois ’ ’ 
(1929), “The Plant Lice of Illinois” 
(Hottes and Frison 1931), “The 
Stoneflies of Illinois” (1935), and 
“Studies of North American Ple- 
coptera, with Special Reference to 
Illinois” (1942). Dr. Frison en¬ 
visaged the insect collection not only 
as a museum but as a storehouse of 
information to support biological 
and economic investigations over a 
broad field. 

The entomological and biological 
fraternity has suffered a great loss 
in his passing. 

—Herbert H. Ross 

Illinois State Natural 
History Survey 
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HENRY BALDWIN WARD 

1865-1945 

Henry Baldwin Ward received 
his Ph.D. degree from Harvard in 
1892. Two years previous to this he 
studied in the European Universi¬ 
ties of Gottingen, Freiburg, and 
Leipzig, and at the biological sta¬ 
tions of Naples, Heligoland, and 
Yille-Franche-sur-Mer. He became 
interested in parasitology under the 
famous Rudolph Leuckart. His 
father, R. H. Ward, a physician, 
wras one of the founders and first 
President of the American Micro¬ 
scopical Society. Thus in training 
and heredity there was a precedent 
for his outstanding contributions to 
the development of the biological 
sciences in the United States. 

Following a year’s instructorship 
•at the University of Michigan he 
went to the University of Nebraska 
where promotions brought him to 
the Headship of the Department of 
Zoology and then to Dean of the 
Medical School. As Head of the De¬ 
partment of Zoology at the Univer¬ 
sity of Illinois from 1909 to 1933 his 
department became a mecca for 
parasitologists the world over. He 
was founder and managing editor 
of the Journal of Parasitology from 
1918 to 1932 and the first President 
of the American Society of Parasi¬ 
tology. His leadership in the field of 
parasitology was recognized abroad 
by memberships in scientific societies 
of Germany, France, Russia, Italy, 
Czecho-Slovakia, B ohemia, and 
Venezuela. Visiting professors from 
foreign lands were shared with 
graduate students in private confer¬ 
ences and evening smokers in his 
home. Among these were Professors 
Nuttall from England, Brumpt from 
France, Fiilleborn from Germany, 
Ivatsurada from Japan, and many 
•others. 

He was always concerned about 
his graduate students and justly fol¬ 
lowed their successes with pride, 
but for the indolent he had no favors. 
Few knew about his financial aids to 
struggling graduate students. He 
kept scrupulous notes on all phases 
of his activities and filed all items of 
general as well as scientific value, so 
that over the years they were volum¬ 
inous in extent. His library in para¬ 
sitology was second to none and was 
open for the use of graduate stu¬ 
dents and staff alike. 

Traditionally he was known as 
a strict disciplinarian to successive 
generations of freshmen in general 
zoology. The hats of both sexes were 
removed in his class room and 
watches were left in their pockets. A 
hush settled over the lecture room 
as he stepped out from the door of 
the chart room behind the lecture 
desk. His blue eyes swept at a 
glance the parade of charts on the 
wall, then leveled on any student still 
engaged in conversation beyond the 
stroke of the bell. He held the floor. 
However, the fatherly advice and 
counsel beyond the concepts of zool¬ 
ogy which he gave to his classes pre¬ 
vented thousands of students from 
making fundamental errors in the 
preparation for careers. Schooled in 
the methods of Professors Louis 
Agassiz and E. L. Mark, few teach¬ 
ers have had so great an influence 
upon the lives and careers of stu¬ 
dents as Henry Baldwin Ward. 

He possessed almost boundless 
energy and vigor which he constant¬ 
ly renewed by his ability to drop off 
at frequent intervals into little naps. 
On the public platform or in the 
class room those of us who knew of 
this habit were aware that the keen¬ 
ness of his mind during such inter- 
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vals responded and reached new 
high levels. Once as a class we at¬ 
tempted to withdraw quietly before 
he looked up, but at the critical 
moment he sprang to his feet, walk¬ 
ed down the aisle, and congratulated 
the speaker and discussed with him 
the salient points of the lecture, leav¬ 
ing in our minds doubts as to 
whether or not he really had slept. 

Long after his seventieth birthday 
he was taking Saturday afternoon 
hikes with the University Hikers’ 
Club. Baseball and home runs were 
taken in their stride. It was on 
such occasions that one came to know 
his stories, his sage discussions, and 
the deep bass voice that boomed out 
in songs around the camp fire. That 
same voice responded for years to 
the Choral Society Director’s baton. 

He was a great organizer of the 
machinery of science. The Ameri¬ 
can Association for the Advance¬ 
ment of Science, Sigma Xi, the State 
Academies of Science, all have felt 
his influence in their development. 
As a charter member and past presi¬ 
dent of the Illinois State Academy 
of Science and as a member of im¬ 
portant committees he worked dili¬ 
gently over the years with the State 
Museum Board, of which he was al¬ 
so a member, to put the Transactions 

of the Illinois State Academy of 
Science on a firm foundation. 

Early in 1894 as a member of the 
U. S. Fish Commission, he became 
associated with Professor Jacob 
Reighard of the University of Michi¬ 
gan on a biological survey of the 
Great Lakes. While industries were 
erecting power dams, blocking sal¬ 
mon runs, polluting streams, and 
canning the fish as though there 
were no limit, Professor Ward was 
investigating and predicting their 
ultimate destruction under prevail¬ 
ing practices. Relief measures came 
almost too late for many salmon 
runs of our Pacific Coast. 

As Past-President of the Isaac 
Walton League of America he con¬ 
tinued his efforts to interest the pub¬ 
lic in sound conservation education 
and was working on manuscripts in 
this field the evening before his 
death. He died quietly in his sleep 
on the morning of November 30, 
1945. 

Thus passed on a great zoologist, 
a staunch friend of the Illinois State 
Academy of Science and the founder 
of the science of Parasitology in 
America. 

—Lyell J. Thomas 

University of Illinois 
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ADA LOUISE WECKEL 

Ada Louise Weckel, for many 
years a member of the Illinois Acad¬ 
emy of Science, died last July after 
a week’s illness. 

Miss Weckel was graduated from 
the University of Michigan in 1905, 
taught two years in Portage, Wis¬ 
consin, after which she took her 
master’s degree at the Universsity 
of Chicago in 1908. She was elected 
at that time to Sigma Xi. Her work 
on Amphipods, with a key to the 
species, was for many years the au¬ 
thority on that group, and in recog¬ 
nition of this, her picture is in the 
Smithsonian Institute. 

After one year of teaching at St. 
Louis, and a summer of further 
study in Germany she came to Oak 
Park High School in 1909. Here, 
she and Mr. J. L. Thalman organized 
one of the first courses in general 
science, and together they wrote one 
of the early text books on that sub¬ 
ject. 

When Mr. Thalman left in 1914 
she took his place as head of the 
Science Department which at that 
time included general science, bot¬ 
any, and zoology. In 1923 she was 
made dean of freshmen girls. Re¬ 
sponsibility and administrative work 
increased as the school doubled in 
size, and doubled again, but Miss 
Weckel found time to make the well 
known series of models for her zool¬ 
ogy class. They are used in many 
schools today. 

Miss Weckel was gifted with great 
energy and driving force. She used 
to say that she hated to have any 
unfinished work on her desk at 
night. At the same time she was a 
person of unusual charm and tact, 
with an enormous capacity for 
friendship. 

It was her very genuine interest 
in people that made her the su¬ 
premely capable advisor that she 
was, not only to the freshman girls 
and their mothers but also to her 
own pupils and teachers who were 
fortunate enough to work with her. 
Her clear and lovely mind, her keen 
insight and rare judgment, and her 
unfailing sympathy caused great 
demands on her time. Many, many 
people have laid their problems and 
troubles on her desk and, with her 
aid, have balanced the pros and cons, 
and have gone away relieved in 
mind, and firm in the conviction that 
they had made the right decision. 

In June 1944 she retired, and in 
the year that followed took an active 
part in the life of the Village, where 
she was always in great demand, es¬ 
pecially for club programs. But she 
enjoyed her freedom for only one 
year. On the 12th day of July 1945, 
we received the word that she was 
gone. Her influence and her friend¬ 
liness will long be remembered. 

—Ruth Williston 
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ACADEMY BUSINESS 

SECRETARY’S REPORT ON THE BUSINESS OF THE 
ILLINOIS STATE ACADEMY OF SCIENCE 

For the Year May 7,1945 to May 5, 1946 
Compiled by LEO R. TEHON, Secretary 

Illinois State Natural History Survey, ZJrbana 

The year covered by this report has 
seen the nation both at war and en¬ 
grossed in restoring the pursuits of 

peace. 
The Annual Meeting of the Illinois 

State Academy of Science reflected both 
phases. The small number of papers 
presented—a result, no doubt, of the 
preoccupation of the membership during 
several years with problems of defense 
—emphasized the continuing effects of 
war. But revival of interest and evi¬ 
dence of renewed vigor were also appar¬ 
ent. Although no accurate registration 
could be kept, attendance at the Annual 
Meeting was estimated as more than 
600 persons, perhaps the largest attend¬ 
ance in the history of the Academy. 
Over 200 of the persons present were 
members of the State Academy of Sci¬ 
ence; 350 were members of the Junior 
Academy of Science; and perhaps 50 
others attended the Collegiate Section 
program. 

The Academy may look confidently to 
the future. Its membership, although 
smaller than before the war, is still 
among the largest of the State Acad¬ 
emies. Its Collegiate Section, an almost 
unique organization, attracted the par¬ 
ticipation and interest of college stu¬ 
dents to such a degree as to become a 
model for similar groups. The Junior 
Academy of Science, enthusiastic al¬ 
ways, has regained all lost ground and 
has added to its achievements the pub¬ 
lication of a Yearbook. The numbers, 
both of life members, whose contribu¬ 
tions constitute a permanent endow¬ 
ment, and of sustaining members, whose 
contributions are used exclusively to 

support the Junior Academy activities, 
have increased notably. Notable, also, 
is the increase in the “national” mem¬ 
bership of the Academy, upon which is 
based the amount received from the 
American Association for the Advance¬ 
ment of Science for the awarding of re¬ 
search grants. Collection of dues has 
been good and, under the specific recom¬ 
mendations of the Committee on the 
Budget, the Academy has conducted its 
affairs economically and grown steadily 
in resources. Life membership fees 
lately received have been invested in 
U. S. government bonds. Because of 
careful supervision of expenditures, the 
Academy’s resources on April 30, 1946, 
were in excess of ^1800. 

1. COUNCIL MEETINGS 

Four meetings of the Academy Council 
were held during the year, with Presi¬ 
dent A. E. Emerson presiding at all but 
the first. 

The first Council meeting, with Vice- 
President McGregor presiding, was held 
at Normal, Illinois, immediately after 
the Executive Session which replaced 
the regular Annual Meeting on May 5, 
1945, and included most of those in at¬ 
tendance at the Executive Session. The 
newly elected officers were introduced 
and it was voted that, if war conditions 
permitted the holding of an Annual 
Meeting in 1946, that meeting should 
be held at Illinois State Normal Uni¬ 
versity and that Dr. Ralph U. Gooding 
should continue as Second Vice-Presi¬ 
dent and Chairman of the Committee 
on Local Arrangements. Dates for the 
Annual Meeting were not set. 
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The second Council meeting was held 
during the afternoon of November 24, 
1945, at Normal, Illinois, with the fol¬ 
lowing persons present: A. B. Emerson, 
J. C. McGregor, R. U. Gooding, L. R. 
Tehon, John Voss, H. R. Wanless, Mrs. 
Mary Creager, 0. B. Young, L. J. 
Thomas, G. H. Dungan, H. F. Thut, T. 
T. Quirke, C. E. Ireland, W. W. Crawr- 
ford, Percival Robertson, Mrs. Grace M. 
Jaffe, E. L. Stover, and Thorne Deuel. 
Minutes of the previous meeting were 
approved. The Treasurer reported on 
hand a balance of $1,341.65. The Com¬ 
mittee on Codification of Council Actions, 
Miss Marguerite Simmons, Chairman, 
reported the completion of its work and 
was discharged with the thanks of the 
Council. The Editor’s report that manu¬ 
scripts for the Transactions had been 
edited and sent to the printer earlier 
than usual was received. For the Com¬ 
mittee on Memorial Forests, Professor 
Thomas reported progress and favorable 
acceptance in many quarters. Activities 
of the Special Committee on a New 
State Museum Building were reported 
by Professor Robertson. The request 
of this Committee that it be discharged 
was denied, and the committee was di¬ 
rected to remain in touch with the 
Director of the State Museum, keep the 
Council informed, and propose future 
action by the Academy. On the Project 
for Development of Research, Professor 
Young reported on conferences with the 
State Superintendent of Public Instruc¬ 
tion regarding a plan for developing 
and supervising state awards for re¬ 
search, the funds to be allocated through 
the office of the State Superintendent of 
Education. On motion by Professor 
Robertson and second by Mr. McGregor, 
Professor Young was made chairman of 
an Academy committee to develop de¬ 
tails and make a formal proposal and 
was requested to suggest to the Presi¬ 
dent other suitable members. (Subse¬ 
quently, as appointed by the president, 
the committee consisted of O. B. Young, 
Chairman, J. C. McGregor, H. R. Wan- 
less, T. T. Quirke, Percival Robertson 
and Bruce Merwin.) 

On advice regarding the program at 
Illinois State Normal University by Dr. 
Gooding, the dates May 10 and 11, 1946, 

were set for the Annual Meeting. The 
Secretary was directed to arrange, if 
possible, with the State Geological and 
Natural History surveys for resumption 
of the field trips provided by these 
organizations in pre-war years, and two 
additional field trips to local points of 
interest were suggested. Mrs. Creager 
reported on plans for the Junior Acad¬ 
emy, the work being done by the Junior 
Academy, and plans for participation 
at the Annual Meeting; her report was 
approved and accepted. President 
Emerson discussed at length the scien¬ 
tific problems being posed by the atom 
bomb and requested approval to send 
to the membership of the Academy a 
statement prepared by men at the Uni¬ 
versity of Chicago who had been en¬ 
gaged in atomic research. On a motion 
by Professor Robertson, seconded by 
Professor Jaffe, this permission was 
granted. The date for the next Council 
meeting was set for February 9, 1946, 
and adjournment followed. 

The third Council meeting was held 
on the afternoon of February 9, 1946, at 
Normal, Illinois. Present were A. E. 
Emerson, U R. Tehon, W.W. Crawford, G. 

H. Dungan, R. U. Gooding, 0. B. Young, 

J. C. McGregor, Mrs. Mary Creager and 
Miss Dorothy Rose. Reading of the 
minutes of the previous meeting was 
omitted. No report was received from 
the Treasurer who was absent because 
of illness. The Editor reported that all 
galley proof for the Transactions had 
been returned by authors and had been 
sent on for final printing. Professor 
Thomas, reporting on the Memorial 
Forests project, stated that the Ameri¬ 
can Legion had approved of the project, 
as had also the American Federation of 
Labor. Professor Young reported re¬ 
garding the Research Development pro¬ 
ject that Professor Wanless and Pro¬ 
fessor Quirke, members of this commit¬ 
tee, had prepared a questionnaire which 
would be sent to the membership of the 
Academy to learn the general attitude of 
scientists in the state toward additional 
research funds. Professor Gooding re¬ 
ported that since the Council meeting 
of November 24, when the dates May 
10 and 11 had been selected for the 
Annual Meeting, circumstances had 
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arisen in Bloomington and Normal 
which made it inadvisable to hold the 
meeting on those dates. At his sug¬ 
gestion, the dates for the meeting were 
changed to May 3 and 4, the fourth 
Council meeting to be held as a dinner 
and evening meeting on May 2. Local 
arrangements for the Annual Meeting 
outlined by Professor Gooding were ap¬ 
proved by the Counci., including the 
holding of the Annual Banquet in one 
of the churches in Normal at a cost of 
not more than $1.25 per plate. Mrs. 
Creager reported on plans for the meet¬ 
ing of the Junior Academy in conjunc¬ 
tion with the Annual Meeting. She was 
authorized to prepare the customary 
senior Academy award certificates for 
projects of outstanding merit. Mr. Mc¬ 
Gregor, on behalf of the Librarian and 
the Illinois State Museum, raised the 
question of disposal of publications re¬ 
ceived by the Museum in exchange for 
the Transactions of the Academy, point¬ 
ing out that the Transactions were 
printed at the expense of the State of 
Illinois and were mailed through the 
Museum, that exchange publications re¬ 
ceived at the Museum were now being 
maintained as a separate Academy li¬ 
brary, and that it seemed desirable in 
planning the new State Museum build¬ 
ing, in which permanent quarters for 
the Academy were being allotted, to 
have a more definite agreement than 
has existed in the past regarding ex¬ 
changes. Upon request of the Secretary, 
this question was deferred until the 
next Council Meeting. 

President Emerson appointed the fol¬ 
lowing special committees and in¬ 
structed them to be prepared to report 
at the General Business Meeting of the 
Academy: Committee on Nominations, 

O. B. Young, Chairman, L. J. Thomas, 
and C. L. Furrow; Committee on Audit¬ 
ing, W. W. Grimm, Chairman, Walter 
W. Thomas, and L. P. Elliott; Commit¬ 
tee on Necrology, Gilbert Wright, Chair¬ 
man, G. D. Fuller;Committee on Resolu¬ 
tions, T. T. Quirke, Chairman, Clarence 
Bonnell, and J. C. McGregor. 

The Fourth Council meeting was held 
at the Hotel Rogers in Bloomington on 
May 2, 1946, with 18 Council members 
and Section Chairmen present. A com¬ 

plete and satisfactory report on local 
arrangements was received from Pro¬ 
fessor Gooding. Reports regarding plans 
for the geology and natural history field 
trips sponsored by the State Geological 
and Natural History surveys and local 
industrial trips were also received. 
Plans for the Junior Academy meeting 

were outlined by Mrs. Creager. She 
was authorized, on motion by L. J. 
Thomas, to proceed with publication of 
the Junior Academy Yearbook, the 
Academy of Science to contribute within 
the limits of its budget. Discussion of 
funds for the support of the Junior 
Academy brought out the need for a 
Committee on Sustaining Memberships 
to function separately from the Com¬ 
mittee on Affiliations. A motion by 0. 
B. Young that such a committee be es¬ 
tablished and a chairman and members 
be appointed by the President was car¬ 
ried. Discussion, deferred from the last 
Council meeting, was resumed regarding 
the disposition of publications received 
by the Illinois State Museum in ex¬ 
change for Transactions of the Academy. 

After the Secretary presented a resume 
of previous actions of the Council rec¬ 
orded in the Transactions, L. J. Thomas 

moved that: The Council of the Acad¬ 
emy approves the statement that all 
publications received by the Illinois 
State Museum in exchange for Trans¬ 
actions of the Illinois State Academy of 
Science be and remain the property of 
the Illinois State Museum. This motion 
was passed unanimously. A statement 
of the policy of the Academy regarding 
use of the stock of Transactions for 
supplying post-war requests was desired 
by the Librarian. It was moved by L. 
J. Thomas that the Librarian be author¬ 
ized to use the stock of back numbers 
of the Transactions, when in his judg¬ 
ment a sufficiently large surplus was on 
hand, to supply requests for the rebuild¬ 
ing of war-destroyed libraries. This 
motion was passed unanimously. Dis¬ 
cussion of the cost of reprints of articles 
printed in the Transactions brought 
from the Librarian the statement that 
the Academy might adopt a practice of 
allowing or requiring authors to order 
reprints prior to the forwarding of the 
requisition for printing to the State 
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Division of Printing, so that reprints 
could be included as a part of the orig¬ 
inal printing order, thus giving authors 
the advantage of the state printing rate, 
the authors to be billed for reprints 
through the Treasurer of the Academy. 
A motion, stated by the Secretary at 
direction of the President and seconded 
by L. J. Thomas, that the Council ap¬ 
proves in principle the reprint handling 
suggested by the Librarian was unani¬ 

mously passed. 

2. GENERAL BUSINESS MEETING 

The preliminary Business Meeting of 
the Academy was called to order by 
President Emerson at 9:45 A.M. on May 
3, 1946, at Illinois State Normal Uni¬ 
versity. Reading of the minutes of the 
previous General Business Meeting, al¬ 
ready printed and distributed in the 
Transactions, was omitted. President 
Emerson publicly announced the chair¬ 
men and memberships of the special 

committees on nominations, auditing, 

resolutions, and necrology and requested 

the membership of the Academy to con¬ 

fer with these committees prior to the 

General Business Meeting scheduled for 

the afternoon. Necessary announcements 

were made. There being no new business 

from the floor, the meeting was ad¬ 
journed. 

The General Business Meeting was 
called to order by President Emerson 
at 5:00 P.M. on May 3, 1946, at Illinois 
State Normal University. A slate of 
new officers and standing committees 
was presented by the Committee on 
Nominations, O. B. Young, Chairman. 
There being no additional nominations 
from the floor, the Secretary was di¬ 
rected to cast a unanimous ballot for 
the slate presented. The report of the 
Treasurer was received and accepted. 

The report of the Committee on Audit¬ 
ing, which found the treasurer’s records 
in order and correct, was accepted. The 
Committee on Resolutions, T. T. Quirke, 
Chairman, reported nine resolutions for 
consideration by the membership of the 
Academy. (These resolutions are 
printed in full below.) Resolution No. 
1, regarding a world government, re¬ 
ceived much discussion. Professor 
Percival Robertson moved an amend¬ 
ment to read through the United Nations 
or any other suitable organization, 
which was defeated by vote. Professor 
Quirke moved an amendment to read 
authority for government, which amend¬ 
ment was also lost by vote. The origi¬ 

nal motion for adoption of the resolu¬ 
tion was then passed, with dissenting 
votes. Resolution No. 2 was passed as 
originally offered, by unanimous vote 
after having had an amendment pro¬ 
posed to insert by adequate appropria¬ 
tions. Resolution No. 3, pertaining to 
Senate Report No. 1850, generally known 
as the Kilgore-Magnuson Bill, was 
amended by a vote, which was not unan¬ 
imous, to include the phrase the prin¬ 
ciples expressed in the present bill, and 
the motion to adopt the resolution as 
amended was carried by a vote which 
also was not unanimous. Resolution 
No. 4 was passed by a unanimous vote, 
as were also Resolutions Nos. 5, 6, 7, 8 
and 9. Reports of Standing Committees 

were not heard in detail but were re¬ 
ferred to the Secretary for printing in 
the Transactions. A letter regarding 
the preservation of grasslands, ad¬ 
dressed to the Academy by Professor 
Victor E. Shelford, was read; no action 
was taken regarding it, other than to 
refer it to the Committee on Conserva¬ 
tion. The meeting was then adjourned 
until the next Annual Meeting of the 
Academy. 
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3. REPORTS OF THE TREASURER AND THE COMMITTEE ON AUDITING 

(a) Report of the Treasurer for the Year May 1, 1945 to April 30, 1946 

Receipts 

Balance on hand April 30, 1945 .$ 1,429.73 
Dues and initiation fees. 762.60 
Research grant by the A. A. A. S. 206.50 
Interest from Forbes and Meyer real estate. 13.50 
Interest from U. S. Savings bonds. 5.00 
Libraries, subscriptions . 2.00 
Sale of Transactions . 1.00 
Junior Academy funds: 

Dues .$ 20.80 
Sustaining members . 110.00 
Sale of pins . 7.75 138.55 

Total Receipts $ 2,558.88 
Expenditures 

Section Chairmen’s expenses .$ 20.33 
Postage, Treasurer’s office. 16.00 
Postage and transportation of Transactions . 41.81 
Expenses of Secretary’s office . 109.24 
Conservation Council Representative’s expenses . 5.87 
Corporation registration . 1.00 
Research grants 

C. L. Bieber .$ 50.00 
Mary Gojdics . 56.50 
C. Clayton Hoff . 50.00 
K. Lucile McCluskey . 50.00 206.50 

Secretary, honorarium . 100.00 
Editor, honorarium . 150.00 
Stenographic assistance, Secretary (check outstanding) . 33.58 
Cash balance . 1,602.79 

Total Expenditures .$ 2,558.88 

Statement of Resources 

Balance in Commercial National Bank of Peoria, $1,636.37, less out¬ 
standing check for $33.58 .$ 1,602.79 

Certificate of Interest No. 13 for Forbes Building, Chicago, for an 
aggregate principal amount of $300. Value unknown. 0.00 

Certificate of Interest No. 15 for Meyer Block 
Leasehold, Chicago, for an aggregate principal amount of $300. 

Value unknown . 0.00 
United States Savings Bonds, Series G. 200.00 

Total Resources, in excess of*.$ 1,802.79 

* Although the value of the Certificates of Interest listed above cannot be determined, the Academy 
received $13.50 in interest payments from them, during the current year. 

Membership.—The membership of the 

Academy consists of 60 life members, 77 

new annual members, 19 sustaining 

members, 532 members paid up to and 

including the year 1946, 57 members one 

year in arrears, and 50 members two 

years in arrears. The membership is 
795. 

During the year 4 members have re¬ 
signed, 6 have died, and 21 have moved, 
leaving no forwarding address. 

Respectfully submitted, 
(Signed) John Voss, Treasurer 
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(b) Report of the Committee on 

Auditing 

May 1, 1946 
To The Illinois State Academy of 

Science: 
Your Committee on Auditing respect¬ 

fully submits the following report: 
We have examined the records of the 

Treasurer for the year May 1, 1945, to 
April 30, 1946, and find them correct. 
The present financial status of the Acad¬ 
emy is as follows: 

Cash on deposit with the 
Commercial National Bank 
of Peoria .$1,636.37 

Checks outstanding. 33.58 
Cash balance . 1,602.79 
Series G, U. S. saving bonds, 2 200.00 
Meyer Block Leasehold Cer¬ 

tificate No. 15, value un¬ 
known . 0.00 

Forbes Building Certificate 
No. 13, value unknown .... 0.00 

TOTAL ASSETS .$1,802.79 
Respectfully submitted, 

Committee on Auditing, 
(Signed) A. G. Adamson 

W. W. Grimm 

J. P. Elliott 

(4) REPORT OF THE COMMITTEE 
ON HIGH SCHOOL SCIENCE AND 

CLUBS 

The committee met in Normal, Illi¬ 
nois, February 9, 1946, in Milner Libary. 
Present were John C. Chiddix, Roy E. 
Diveley, Miss Blanche McAvoy, J. Em- 
mert Young, Ralph U. Gooding, and Mrs. 
Mary Creager. 

Mr. Chiddix suggested that we have a 
smaller sized Junior Academy certificate 
printed for local Junior Academy meet¬ 
ings. These are to be furnished free to 
club sponsors. On a motion of Pro¬ 
fessor Gooding, the suggestion was 
adopted. 

Miss McAvoy’s motion was passed re¬ 
quiring notebooks, radio notebooks, and 
news letters to be sent to the chairman 
of judging in advance of the state meet¬ 
ing, so there would be time for fair con¬ 
sideration in judging these. 

Plans were discussed for the spring 
meeting. Several suggestions were made 
regarding the afternoon program. 

At the Sponsor’s Meeting at Normal, 
May 3, 1946, it was suggested that the 
method of entering exhibits he simpli¬ 
fied. Final decisions will be made at 
the Committee Meeting in the fall. 

The subject of adding another entry 
in the form of a research problem in 
heredity was brought up by the general 
chairman. This problem will be under 
the direction of Dr. Clarence P. Oliver, 
Director, Dight Institute of Human 
Heredity, Minneapolis, Minnesota. A 
motion was passed to offer Junior Acad¬ 
emy members an opportunity to work 
on the project. A system of judging 
and awards for this will be worked out 
later. 

Eight clubs reported local Junior 
Academy Science meetings. These meet¬ 
ings give sponsors an opportunity to 
select exhibits to be taken to the state 
meeting and students a chance to show 
their work locally. Sponsors reporting 
local meetings were: Mrs. Nadine 
Dungan, Sarahsville Searchers, Gol- 
conda high school; John C. Chiddix, 
Community High School Science Club, 
Normal Community high school; Mrs. 
Ruth Barchelt, Flamingo Club, Chester 
high school; Mrs. Mary Creager, Fer- 
reters, Chester high school; Miss Ann 
Dittlinger and Oren King, M. T. H. S. 
Science Club, Milford Township High 
School; G. S. Porter, Chemistry Club, 
J. Sterling Morton High School, Cicero; 
L. W. Johnson, Physics Club, J. Sterling 
Morton High School, Cicero; Miss Mil¬ 
dred Parezik, Biology Club, J. Sterling 
Morton High School, Cicero. 

During the year an interesting ex¬ 
change of Junior Academy materials has 
been carried on with other states 
through the cooperation of Science Clubs 
of America. Much helpful information 
has been received from “SCA.” 

The Illinois Junior Academy of Sci¬ 
ence now has a membership of 53 clubs 
with an enrollment of 1400 students. 

About 1500 pieces of Junior Academy 
mail have been sent this year, including 
news bulletins, Yearbooks, letters, and 
cards. 

The annual meeting of the Junior 
Academy was held in conjunction with 
that of the Senior Academy at Normal 
on May 3 and 4 and was attended by 350 



166 Illinois Academy of Science Transactions 

high school students from 30 schools; 
170 exhibits were placed on display and 
judged during the meeting. Awards of 
Junior Academy certificates were pre¬ 
sented to the winners. Outstanding 
awards winners in the various divisions 
received special Senior certificates. 

Prom recommendations sent in by club 
sponsors the following student officers 
were elected for 1946-47: 

President: Dick Johnson, Hitchcock 
Junior High School, Galesburg. 

First Vice-President: Evelyn Holonyak 

Edwardsville High School Science 
Club, Edwardsville. 

Second Vice-President: Betty Zim¬ 
mers, Sarahsville Searchers, Gol- 
conda High School. 

Secretary: Marzie Cary, Bomb-A- 
Toms, Immaculata High School, 
Chicago. 

Honorary Members for the A. A. A. S.: 
Betty Lee Warnack, Decatur High 

School, Decatur. 
Billy Wakeland, University High 

School, Carbondale. 
(Signed) Mary Creager, 

General Chairman 

5. REPORT OF THE COMMITTEE ON 
AN ILLINOIS JOURNAL OF 

SCIENCE 

May 1, 1946 
To The Illinois State Academy of 

Science: 
The Committee has no formal proposal 

regarding the launching of an “Illinois 
Journal of Science” to make at this 
time. Readjustments to peace have 
brought many uncertainties, such as 
paper shortage, printing difficulties, 
drains on institutional budgets due to 
heavy enrollments, clerical help, and 
suitable quarters. These are factors that 
make the immediate venture of estab¬ 
lishing a journal for the Academy seem 
impracticable at the present time. 

It does appear, however, that the es¬ 

tablishment of a journal, as an organ of 

the Academy, is worthy of our rather 

serious consideration. Such a journal 
would add prestige to the Academy, al¬ 

low for publication of many articles of 

interest to scientists in Illinois and else¬ 

where, provide a valuable source of ex¬ 

changes, and perhaps help to unify the 
different branches of the Academy. 

Such a journal cannot, of course, be 
financed without aid from outside. Al¬ 

though our annual dues might very 
properly be increased somewhat if a 
subscription to the journal were in¬ 
cluded, this would not be ample to pub¬ 
lish a journal. In the state of Ohio, for 
example, the Ohio Journal of Science is 
subsidized by Ohio State University by 

an agreement through which the Uni¬ 
versity receives all the exchanges and 
adds them to the University library. 
Such institutional or state aid, or other 
source of funds, would seem to be neces¬ 
sary before provision could be made for 
a decent journal. 

It is recommended that the matter be 
studied further and that a report be 
made to the Academy at its next meet¬ 
ing. 

Respectfully submitted, 
Committee on an Illinois 

Journal of Science, 

(Signed) L. H. Tiffany, Chairman 
A. E. Emerson 

J. C. McGregor 

6. REPORT OF THE COMMITTEE ON 
RESEARCH GRANTS 

During the past year 550 members of 
the Illinois State Academy of Science 
have also been members of the American 
Association for the Advancement of Sci¬ 
ence. On the basis of this number, the 
A. A. A. S. has credited to the Illinois 
State Academy of Science the sum of 
$225, which the Academy may use on 
its own behalf and that of the A. A. A. S. 
in making grants in aid of research. 

Your Committee respectfully reports 
that, owing to disturbances arising from 
the war and heavy teaching programs 
resulting from greatly increased enroll¬ 
ments in the smaller colleges of the 
state, only one application for a grant- 

in-aid of research has been received. 
As this application is a meritorious one, 
the following grant is recommended: 

To Professor W. Malcomb Reid, 
Head of the Department of Zoology, 
Monmouth College, Monmouth, Illi¬ 
nois, for the maintenance of a colony 
of experimental animals to be used 
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in the study of flukes or other mam¬ 
malian parasites of the tapeworm 
group, the sum of $75.00. 

The above award leaves a balance of 
$150 to the credit of the Illinois State 
Academy of Science, which balance the 
Academy may award at any time within 
three years to applicants presenting suit¬ 
able projects. This sum is, of course, in 
addition to any future amounts that the 
Academy may receive on the basis of 
the membership it has in common with 
the American Association. 

Respectfully submitted, 
Committee on Research Grants, 

(Signed) Ernest L. Stover, 

Chairman 

7. REPORT OF THE COMMITTEE ON 
RESOLUTIONS 

The committee on Resolutions submit¬ 
ted to the membership of the Academy 
during the general business meeting 
held May 3, 1946, at Illinois State Nor¬ 
mal University the following nine reso¬ 
lutions. 

1) Be It Resolved, That the Illinois 
State Academy of Science urge the Leg¬ 
islature of the State of Illinois to 
stimulate and support scientific research 
throughout the state, particularly in the 
small colleges, teacher’s colleges, and 
high schools. 

2) Be It Resolved, That the Illinois 
State Academy of Science approve the 
principles expressed in the present Kil- 
gore-Magnuson Bill, S. 1850, and take 
all practicable steps to facilitate the 
passage of this bill through Congress. 

3) Be It Resolved, That the Illinois 

State Academy of Science express great 
concern over the possibility of the de¬ 
struction of our civilization through 
war, and urge our government to take 
measures which will facilitate the organ¬ 
ization of a world government devoted 
to the prevention of international war 
and to the welfare of all peoples. 

4) Be It Resolved, That the Illinois 
State Academy of Science approve the 

most recent version of the McMahon 
Bill incorporating civilian control over 
domestic policy on atomic energy with 
a military liaison board. 

5) Be It Resolved, That the Illinois 
State Academy of Science approve en¬ 
ergetically the report prepared by the 
Secretary of State’s Committee on 
Atomic Energy as a beginning toward 
international cooperation for the effec¬ 
tive control of atomic energy. 

6) Be It Resolved, That the Illinois 
State Academy of Science deplore the 
action of our nation in draining prospec¬ 
tive research students from our insti¬ 
tutions of higher education, and urge 
that research in the United States be 
stimulated in all possible ways in view 
of its contribution to our national wel¬ 
fare. 

7) Be It Resolved, That the Illinois 
State Academy of Science urge the 
Legislature of the State of Illinois to 
continue to promote the construction of 
a new State Museum Building. The 
need of the Museum for adequate hous¬ 
ing, which has long been recognized, be¬ 
comes more acute daily. 

8) Be It Resolved, That the Illinois 
State Academy of Science express sin¬ 
cere thanks to the officials and staff of 

the Illinois State Normal University for 
facilities and courtesies extended to the 

Council and Membership for the seasons 
of 1945 and 1946. 

9) Be It Resolved, That the Illinois 
State Academy of Science express ap¬ 
preciation to the city officials and the 
people of the city of Normal for cour¬ 
tesies and conveniences placed at the 
service of the members of the State 
Academy of Science. 

These resolutions were considered in¬ 
dividually and were passed, in the forms 
given above, by majority or unanimous 

votes of the members present. 

Respectfully submitted, 
T. T. Quirke, Chairman 
Clarence Bonnell 

J. C. McGregor 
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